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ABSTRACT 
Simple sentences w i t h  p l u r a l s  have i n t e r p r e t a t i o n s  t h a t  cannot be reduced t o  
p r e d i c a t i o n s  abou? i n d i v i d u a l  o b j e c t s .  Such an i n t e r p r e t a t i o n  f o r  a sentence 
w i t h  1 p l u r a l s  cannot be represented by a  l o q i c a l  form c o n t a i n i n g  q u a n t i f i e r s  
over i n d i v i d u a l s  t h a t  b i n d  i n t o  an atomic q-adic p red ica te :  
( i i )  Ten boys a te  ten p i e s .  
Chapter 1 i n t roduces  the c lasses  o f  i n t e r p r e t a t i o q s  t h a t  cannot be so 
represented.  An example i s  t h a t  i n t e r p r e t a t i o n  o f  ( i i )  which i s  t r u e  i n  a  
s i t u a t i o n  where there  are ten boys and ten  p i e s ,  the boys eat  the p i e s  and no 
one boy e a t s  more than p a r t  o f  any one o f  the p i e s .  No i n d i v i d u a l  boy a te  
any i n d i v i d u a l  p i e .  
Chapter 2 on se t -deno ta t i ve  l o q i c  presents  the s tandard  view accordinq t o  
which the n o n - r e d u c i b i l i t y  o f  p l u r a l s  i s  taken t o  show t h a t  the Q p l u r a l s  i n  
( i )  are q u a n t i f i e r s  over s e t s  o f  i n d i v i d u a l s  t h a t  b i n d  i n t o  an atomic q-adic 
p r e d i c a t e  express ing a  r e l a t i o n  among s e t s  o f  i n d i v i d u a l s .  
Chapter 3 proposes event l o q i c  as an account o f  p l u r a l  i n t e r p r e t a t i o n s .  
Adding an argument p o s i t i o n  f o r  events,  i t  assumes a  Davidsonian (1967) 
decomposit ion o f  the p r e d i c a t e  i n t o  c o n s t i t u e n t s  express ing the r o l e  o f  each 
NP i n  an event o f  V-ing: 
( i  i i )  e's e a t e r s  are ten  boys & ea t (e )  & e's eaten are ten p i e s  
Q u a n t i f y i n g  over events  i n  general rep laces  q u a n t i f y i n g  over s e t s .  There are 
no atomic p r e d i c a t e s  express ing r e l a t i o n s  among s e t s  o f  i n d i v i d u a l s .  
An important  f e a t u r e  o f  the event l o g i c ' s  syntax e x p l o i t s  the p r e d i c a t e ' s  
decamposit ion i n t o  c o n s t i t u e n t s .  I t  a l l o w s  f o r  r e s t r i c t e d  q u a n t i f i c a t i o n ,  
'CQ: A1 B e ,  i n  which one o f  the c o n s t i t u e n t s  o c c u r r i n g  i n ,  say, A i s  
separated from the remain ing  c o n s t i t u e n t s  and f rom the verb i t s e l f  which are 
i n  8 .  Note t h a t  the se t -deno ta t i ve  l o g i c ' s  atomic p r e d i c a t e  does not  a l l o w  a  
NP's semantic r o l e  t o  be separated from i t .  I t  appears w i t h  i t s  f u l l  
valence, p r o v i d i n g  a  p lace t o r  every argument i n  the r e l a t i o n  i t  expresses. 
Chapter 4 shows t h a t  a  domain o f  q u a n t i f i c a t i o n  i n  the se t -deno ta t i ve  l o q i c  
cannot inc lude a l l  subsets o f  i n d i v i d u a l  o b j e c t s .  I f  there  i s  t o  be 
q u a n t i f i c a t i o n  over se ts ,  i t  i s  r e s t r i c t e d  by a  r e l a t i o n s h i p  t o  events.  
Chapter 5 cons iders  the ex tens ion o f  se t -deno ta t i ve  l o g i c  t h a t  admits i n  
the p r e d i c a t e  a  p lace f o r  events w h i l e  r e t a i n i n g  the view t h a t  p l u r a l s  are 
q u a n t i f i e r s  over s e t s  o f  i n d i v i d u a l s  b i n d i n g  i n t o  atomic n t l  -adic 
p red ica tes .  The event l o g i c ,  by q u a n t i f y i n g  over events,  q u a n t i f i e s  
i n d i r e c t l y  and i n  a  r e s t r i c t e d  way over s e t s  c o n t a i n i n g  t h e i r  p a r t i c i p a n t s .  
Chapter 5 shows t h a t  the extended se t -deno ta t i ve  l o g i c  must be cons t ra ined  t o  
recover the r e l a t i o n s h i p  between s e t s  and events d e r i v e d  i n  the event l o g i c .  
A p r e d i c a t e  i n  the extended se t -deno ta t i ve  l o g i c  must no t  denote a se t  un less  
i t  i s  a l l  the p a r t i c i p a n t s  o f  an event ,  and the p r e d i c a t e  must be about the 
se t 's  a c t i v i t y  o n l y  w i t h i n  a  s i n g l e  event .  
Chapter 6 argues f o r  the syntax o f  event l o q i c ,  showing t h a t  the 
c o n s t i t u e n t s  o f  the p r e d i c a t e ' s  decomposit ion must sometimes be d i v i d e d  
between the r e s t r i c t i o n  and the m a t r i x  on which a  q u a n t i f i e r  operates.  
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Chapter 1  
The i n t e r p r e t a t  i on  o f  p l u r a l s  
1  0. Several au thors  have no ted  t h a t  v a r i o u s  aspects o f  the i n t e r p r e t a t i o n  
o f  p l u r a l s ,  which w i l l  be i n t roduced  i n  t h i s  s e c t i o n ,  cannot be represented 
w i t h  s tandard  l o g i c a l  forms, I n  a n a l ~ z i n g . p l u r a l s ,  se t -denota t iue  l o q i c  and 
event l o g i c  suggest d i f f e r e n t  r e v i s i o n s  o f  the s tandard  view, which i s ,  f o r  
t h i s  d iscuss ion,  d e f i n e d  by the assumptions i n  paras.  0.1-0.3. 
Le t  S be a  s imple sentence,as i n  (11, w i t h  n o v e r t  arguments NPl,..,,NP 
n ' 
none o f  which i s  e x p l e t i v e :  
(1 )  SINPI VpIV., .NPnI1 
A l o g i c a l  form f o r  S i s  such t h a t r  
0.1. V  i n  S expresses an atomic r e l a t i o n  i n  e x a c t l y  n p laces.  The 
p o l y a d i c i t y  o f  the r e l a t i o n  always corresponds t o  the number o f  NPs, and 
t h e r e f o r e  v a r i a b l e s  bound by q u a n t i f i e r s  occur o n l y  i n  NP p o s i t i o n s ,  
0.2. A q u a n t i f i e r  i s  a s e n t e n t i a l  ope ra to r .  I t  operates on sentences i n  
which the  v a r i a b l e s  bound by the q u a n t i f i e r  are rep laced  by elements i n  the 
1. E.g. ,  L .  Carlson (19801, Cormack and Kempson (1981), Hiqginbotham (1980, 
1984a), Hoekscmo (1983), Jackendoff  (19721, Kroch (19741, Lako f f  (19721, 
Langendocn (19781, L i n k  (19841, McCawley (19701, Scha (1981) 
domain o f  q u a n t i f i c a t i o n .  The i n t e r p r e t a t i o n  o f  any p d r t i c u l a r  q u a n t i f i e r *  
when s t a t e d  as a  c lause i n  a  r e c u r s i v e  d e f i n i t i o n  o f  truth2,conforrns t o  the 
f o l  lowi  nq schema: 
i I ( 2 )  ' O ( ( X ~ , ~ . , X  )) e(x l , . * . ,  x n I u  i s  t r u e  i f f  f o r  Q-many c . . ,C n  * l < i < k ,  . . . *  
n  
1 
' O ( C  . ,cl l a  i s  t rue . .  . 
n  
k 
' ( (c ,..., ck i s  t rue . .  . 
n  
The t r u t h  o f  the q u a n t i f i e d  sentence i s  determined by the q u a n t i f i e r  from the 
i i i t r u t h  o f  sentences o f  the form '((c l,...,~ 1 .  Each c- i s  an element o f  n  I 
the domain. 
The schema i n  (2)  i nc ludes  w i t h i n  the s tandard  view genera l i zed  q u n a t i f i e r s  
t h a t  are R-ary, Q x 1 , , , x  ) ) '  (see Hiqginbotham and May 1981).  I n  l a t e r  
n  
sec t i ons ,  severa l  a p p l i c a t i o n s  o f  q-ary q u a n t i f i e r s  t o  the behavior o f  
3 p l u r a l s  are d iscussed . An example o f  a  b i n a r y  q u a n t i f l e r  w i l l  appear 
s h o r t l y  i n  sec. 1.1. 
We w i l l  a l s o  cons ider  a  s tandard  view one t h a t  a l l o w s  branch inq 
q u a n t i f i e r s .  Branching q u a n t i f i e r s  are  n o t  o f  g rea t  importance t o  anyone's 4 
theory  o f  p l u r a l s ,  b u t  they are i nc luded  because the problems t h a t  p l u r a l s  
present  f o r  the s tandard  view are n o t  so lved by branch inq q u a n t i f i c a t i o n .  
2. We are i n d i f f e r e n t  here t o  the semant ical  concept chosen, " t r u t h " ,  " t r u t h  
i n  a  model,' e t c .  For s i m p l i c i t y ,  I avo id  t r e a t i n g  s a t i s f a c t i o n  by an 
assignment t o  f r e e  v a r i a b l e s .  
3 ,  One type o f  y a r y  q u a n t i f i e r s  i s  proposed f o r  p l u r a l s  by Scha (1981) i n  
h i s  d iscuss ion o f  cumulat ive q u a n t i f i c a t i o n  and compound numer ica ls ,  and the 
e f f e c t s  o f  n-ary q u a n t i f i e r s  are reproduced by c e r t a i n  games i n  Car lson 
(1980) i n  which the p l u r a l  r u l e  has app. l ied s imul taneous ly  t o  n p l u r a l  NPs. 
4, see note 1. 
i 0.3. The value o f  a  v a r i a b l e ,  i .e., each c_-  i n  ( 2 > ,  i s  an i n d i u i d u a l ,  no t  i 
a  se t  o r  c l a s s .  Because o f  the usage t h a t  the t e r m  " ~ q d i v i d u a ! "  i s  pu t  t o  
below, i t  would be b e t t e r  t o  say here t h a t  p lu ra l -marked p red ica tes  are not 
denot ing  expressions.  On t h i s  s tandard  assumption, i t  cannot be the case 
t h a t  the p lura l -marked p r e d i c a t e  men(x1 i n  " two men"is t r u e  o f  an e n t i t y  
t h a t  i s  men, and i t  cannot be the case t h a t  have l e f t ( x )  i n  " t h e y  have l e f t "  
i s  . t r u e  o f  an e n t i t y  t h a t  i s  them. P l u r a l i t y  i s  s t r i c t l y  p a r t  o f  the 
q u a n t i f i c a t i o n ,  The o n l y  denot ing  expression i n  " two men" i s  the p r e d i c a t e  
man(x1, t r u e  o f  an e n t i t y  t h a t  i s  a  man. The q u a n t i f i e r  b~o-d., r e q u i r e s  
t h a t  there  be two such e n t i t i e s .  S i m i l a r l y ,  the o n l y  denot ing  expression i n  
the UP o f  " t h e y  have l e f t "  i s  has l e f t ( x 1 ,  which i s  t r u e  o f  the same k i n d  o f  
e n t i t y  t h a t  man(x) i s  t r u e  o f .  
We t u r n  now t o  those aspects of the i n t e r p r e t a t i o n  o f  p l u r a l s  which cannot 
be represented under the s tandard  assumptions o f  para.  0 . 1 - 0 . 3 .  
1.1 The sum o f  p l u r a l s  
Consider (3)  and (4) :  
(3) a. Ten boys a t e  ten p i e s  
b,  The boys a te  the p i e s  
c. They a te  them 
(4 )  a, Ten boys c a r r i e d  f i f t y  c a r t o n s  home 
b. The boys c a r r i e d  the c a r t o n s  home 
c .  They c a r r i e d  them home ( f rom Carlson 17801 
The power a f f o r d e d  the s tandard  view by n-ary q u a n t i + i e r s  a l l ows  i t  t o  
represent  some bu t  no t  a l l  aspects o f  the i n t e r p r e t a i o n  o f  ( 3 )  and (41,  We 
consider  one p a r t i c u l a r  read inq,  t o  be c a l l e d  the sum~o~~~p~u,h~ls, which i s  
perhaps the most s a l i e n t  one f o r  the sentences o f  1 3 )  and ( 4 ) .  I t  i s  
i d e n t i f i e d  by two c h a r a c t e r i s t i c s ,  one o f  which (see Jackendoff  1972 and 
Lako f f  1972) i s  t h a t  the p l u r a l s  are independent: one i s  no t  w i t h i n  the scope 
o f  another .  Sentence (3a) on t h i s  i n t e r p r e t a t i o n  i s  about e x a c t l y  ten boys 
and e x a c t l y  ten  p i e s .  Suppose the NPs i n  each o f  these sentences are taken 
t o  form a  b i n a r y  q u a n t i f i e r :  
(5 )  a. t t e n  boysl)(tte'n p i e s l ( ( x , y S )  x a te  y 
b. [ t h e  boys1Xtthe p i e s I ( ( x , y > )  x  a te  Y 
c .  t t h e y I X t t h e m l ( { x , y > )  x a te  Y 
(6) a. [ t e n  boys1Xtf i f t y  c a r t o n s ] (  ( x  , y > )  x c a r r i e d  y home 
b.  Cthe borsl)(Cthe car tons l ( (x ,yS)  x c a r r i e d  y home 
c .  t they lXt them3((x ,y ) )  x  c a r r i e d  y  home 
The b i n a r y  q u a n t i f i e r  does represent  the independence o f  i t s  component 
p l u r a l s .  
The second c h a r a c t e r i s t i c  o f  a  sum o f  p l u r a l s  i s  that .  no p a r t i c u l a r  mappinq 
i s  imposed on the p l u r a l s .  For ( 3 1 ,  i t  i s  s u f f i c i e n t  t h a t  they,  the (ten:) 
boys shared i n  the e a t i n g  and t h a t  they, the ( t e n )  p i e s  were eaten. 
S i m i l a r l y ,  i t  i s  enough f o r  the t r u t h  o f  the sentences i n  ( 4 )  t h a t  they, the 
( t e n )  boys, p a r t i c i p a t e d  i n  the c a r r y i n g ,  and they, the ( f i f t y )  car tons ,  w e r e  
c a r r i e d  home. Sentence ( 3 a l  i s  t r u e  o f  the p a r t i c u l a r  s i t u a t i o n  i n  ( 75 :  
where bl a te  pl , ... and b10 a te  plO. 
The b i n a r y  q u a n t i f i e r  o n l y  approximates t h i s  second c h a r a c t e r i s t i c  o f  the 
sum of p l u r a l s .  I f  the q u a n t i f i e r  i s  c o n s i s t e n t  w i t h  the standard 
assumptions, t h i s  c h a r a c t e r i s t i c  i s  no t  f u l l y  represented.  The h7:roximation 
i s  achieved i f  the b i n a r y  q u a n t i f i e r  i s  i n t e r p r e t e d  as i n  (8), an instance o f  
the schema ( 2 ) .  
(8)  ' I t e n  boys IXt ten  p i e s I ( ( x , r ) )  O(x,y!" i is  t r u e  i f f  
f o r  ten boys, and f o r  t e g  p i e s ,  pl, . . . ,P  
nO(big p i l a  i s  :F:;*;~;~P s i s 10.  10 ' 
Note t h a t  the sentences on the r i gh t -hand  s i d e  o f  (8), 'b. a te  p  ', are t r u e  
I j 
o f  the s i t u a t i o n  ( 7 ) ,  where each b i  i s  a  boy, and each p i  i s  a  p i e .  I f  t h i s  
c o l l e c t i o n  o f  sentences i s  t rue ,  the b i n a r y  q u a n t i f i c a t i o n  i n  (Sa), 
i n t e r p r e t e d  accord ing t o  ( 81 ,  i s  t r u e ,  Cons is tent  w i t h  the standard 
assumption o f  para. 0.2 and 0.3, (8) t r e a t s  the q u a n t i f i e r  as an operator  on 
sentences o f  the form '4 (c i  ,C 1"  , where c  and c  are i n d i v i d u a l s  i n  the j i j 
5. As a  s e r i o u s  statement o f  the i n t e r p r e t a t i o n  o f  b i n a r y  q u a n t i f i e r s ,  (8) 
conceals some problems. Note f i r s t  t h a t  the a n a l y s i s  o f  b i n a r y  
q u a n t i f i c a t i o n  should no t  assign t o  (5a) an i n t e r p r e t a t i o n  t h a t  can be 
paraphrased by " t h e r e  are some ten boys who a te  p i e s ,  and there  are sane ten 
p i e s  eaten by boys.' For any ten  boys and ten p i e s ,  (5a)  ought t o  be t rue  o f  
them j u s t  i n  case the boys a te  the p i e s .  But ,  the paraphrase i s  t r u e  o f  them 
even i f  the boys a te  o n l y  o ther  p i e s  and the p i e s  were eaten by on ly  o ther  
boys. T h i s  problem i s  avoided by propos ing an i n t e r p r e t a t i o n  f o r  the b i n a r y  
q u a n t i f i e r  t h a t  i s  e s s e n t i a l l y  paraphrased by ' t en  boys are a l l  the boys 
e a t i n g  p ies ,  and ten  p i e s  are a l l  the p i e s  be ing  eaten by boys." I f  t h i s  
i n t e r p r e t a t i o n  i s  t r u e  o f  s m e  ten  boys and s m e  ten p i e s ,  then the boys must 
have eaten the p i e s .  There are no o the r  p i e s  t h a t  the boys might  have eaten,  
and no o ther  boys t h a t  might  have eaten the p i e s .  
Scha (1981) i n  h i s  remarks on cumula t ive  q u a n t i f i c a t i o n  p o i n t s  out  t h a t  the 
q u a n t i f i e r s  o f  a  sentence l i k e  (3a) can have the non- increas ing ( " t e n  and no 
more than ten') i n t e r p r e t a t i o n  j u s t  paraphrased, But ,  the b i n a r y  q u a n t i f i e r ,  
i f  v i a b l e ,  must a l s o  p rov ide  an inc reas ing  in te rp re ta t i on - -one  t h a t  does not  
exclude o the r  boys e a t i n g  o the r  p ies--which i s  t r u e  o f  some boys and some 
p i e s  o n l y  i f  they a t e  them. One p o s s i b i l i t y  i s  t o  i n t e r p r e t  the q u a n t i f i e r s  
r e l a t i v e  t o  some con tex t  t h a t  f i x e s  a  subextension o f  the r e l a t i o n  e a t ( x , r ) ,  
f o r  which an approp r ia te  paraphrase i s  something l i k e  " t e n  boys are a l l  the 
boys e a t i n g  p i e s  there ,  and ten  p i e s  are a l l  the p i e s  be ing  eaten there,."  
T h i s  does no t  i n h i b i t  what p i e - e a t i n g  goes on elsewhere. 
The b i n a r y  q u a n t i f i e r ,  i f  we have t o  t a l k  about subextensions o f  the r e l a t i o n  
i n  i n t e r p r e t i n g  i t ,  i s  p l a i n l y  s e t - t h e o r e t i c .  T h i s  however does no t  qo 
beyond the intended scope o f  the s tandard  view i n  para.  0.1-0.3. The 
p red ica tes ,  suchias ' ea t ( x , y ) " ,  s t i l l  do no t  denote so ts .  The va lues  o f  the 
v a r i a b l e s ,  the c  i n  the schema ( 2 )  and the b i  and p  i n  ( 8 )  are s t i l l  
i n d i v i d u a l s .  j j 
domain. 
W i t h i n  the s tandard  assumptions (0.1-0.31, Q-ary q u a n t i f i e r s  are necessary 
f o r  even the approximate r e p r e s e n t a t i o n  o f  the sum o f  p l u r a l s .  L a u r i  Car lson 
(1980) p o i n t s  out  t h a t  i f  the p l u r a l s  o f  the  sentences i n  (31 and ( 4 1  are 
taken as unary q u a n t i f i e r s  over i n d i v i d u a l s ,  an i n t e r p r e t a t i o n  o f ,  f o r  
example, (3a) t h a t  i s  t r u e  o f  (7 )  cannot be represented.  The l o q i c a l  forms 
o f  (91, where the va lues  o f  5 and y are i n d i v i d u a l s ,  are i napprop r ia te .  
(91  sum o f  p l u r a l s ,  (31 and (41: 
* ( Q  boys)x (Q p ies1y I x  a te  y l  
* ( Q  p i e s l y  iQ boys lx  Cx a te  y l  
* ( Q  boys)x , 
/ I x  a te  y l  iQ p i e s l y  
Note i n  p a r t i c u l a r  t h a t  a l thouqh the branch ing q u a n t i f i c a t i o n  a s s e r t s  t h a t  we 
are t a l k i n g  about e x a c t l y  ten  boys and e x a c t l y  ten p i e s ,  i t  r e q u i r e s  every 
one o f  the boys t o  have eaten every one o f  the p i e s ,  
Desp i te  the power o f  q-ary q u a n t i f i e r s ,  the s tandard  assumptions are too  
s t r i n g e n t  f o r  an exact  r e p r e s e n t a t i o n  o f  the sum o f  p l u r a l s ,  as the 
re fe rences  o f  note 1 show, Consider s i t u a t i o n s  t h a t  i nvo lve  e x a c t l y  as many 
boys, p i e s  and ca r tons  as the sentences o f  ( 3 )  and (41 r e q u i r e ,  Suppose t h a t  
i n  the s i t u a t i o n s  t o r  (31, the boys eat  the p i e s ,  bu t  they pass them around. 
S i m i l a r l y ,  suppose t h a t  i n  the s i t u a t i o n s  f o r  (41,  the boys c a r r y  the boxes 
h m e ,  bu t  they have a l s o  passed them around. The sum o f  p l u r a l s  
i n t e r p r e t a t i o n  o f  these sentences remains t r u e  i n  these new s i t u a t i o n s ,  bu t  
the b i n a r y  q u a n t i f i c a t i o n  i n  (51  and (61 has become f a l s e .  Reca l l  t h a t  f o r  
the b i n a r y  q u a n t i f i c a t i o n  o f  (3a1 t o  be t r u e ,  there  must be a  c o l l e c t i o n  o f  
t r u e  sentences o f  the form "b. a te  p  '. Ten d i s t i n c t  boys and ten d i s t i n c t  
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p i e s  must be r e f e r r e d  t o  i n  t h i s  c o i i e c t i o n .  Because the p i e s  were passed 
around, there  i s  no such c o l l e c t i o n  o f  t r u e  sentences. Each boy has eaten 
o n l y  p a r t  o f  any one p i e .  S i m i l a r l y ,  the t r u t h  o f  the b i n a r y  q u a n t i f i c a t i o n s  
i n  (6) depend on c o l l e c t i o n s  o f  t r u e  sentences o f  the form 'b i  c a r r i e d  c .  
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home'. But ,  the pass ing around f a l s i f i e s  any such c o l l e c t i o n .  Each boy has 
done scme c a r r y i n g ,  b u t  none has c a r r i e d  a ca r ton  home. 
The problem o f  t h i s  sec t i on ,  the sum o f  p l u r a l s ,  i s  summarized as f o l l o w s .  
Al though p r e d i c a t e s  such as car ry (x ,y )  and ea t (x , y )  are p red icab le  o f  
i n d i u i d u a l s ,  once p l u r a l s  are t h e i r  arguments, they acqu i re  i n t e r p r e t a t i o n s  
t h a t  are no t  r e d u c i b l e  w i t h i n  s tandard  assumptions (0.1-0.3) t o  p r e d i c a t i o n s  
about i n d i u i d u a l s ,  even i f  t h i s  r e d u c t i o n  i s  at tempted w i t h  s m e t h i n q  as 
powerfu l  as v a r y  q u a n t i f i e r s .  
1.2 Q u a n t i f i c a t i o n  w i t h  c o l l e c t i v e  p r e d i c a t e s  
(10) a. The u n i o n i s t s  gather  i n  the square 
b. Ten composers c o l l a b o r a t e d  ( w i t h  each o t h e r )  
(11) a. Few u n i o n i s t s  gathered i n  the square 
b. Few composers c o l l a b o r a t e  ( w i t h  each o t h e r )  
C o l l e c t i v e  p red ica tes ,  such as gather  i n  the square and c o l l a b o r a t e  ( w i t h  
each o t h e r ) ,  are apparent except ions  t o  0.3. They appear t o  denote s e t s  o f  -
i n d i u i d u a l s ,  n o t  b e i n g  p red icab le  o f  i n d i u i u d a l s :  
(12) * John gathered i n  the square 
* G i l b e r t  c o l l a b o r a t e d  ( w i t h  each o t h e r )  
These c o l l e c t i u e  p r e d i c a t e s  a l s o  combine w i t h  q u a n t i f i e r s .  The sentences i n  
(10) and ( 1 1 )  have i n t e r p r e t a t i o n s  t h a t  appear t o  q u a n t i f y  over the s e t s  
denoted by the p red ica te .  Thus, (11a) has an i n t e r p r e t a t i o n  t h a t  r e q u i r e s  
t h a t  few u n i o n i s t s  be found i n  the union o f  a l l  s e t s  ( o f  u n i o n i s t s )  t h a t  
gather  i n  the square. S i m i l a r l y ,  i n  (10a),  the u n i o n i s t s  t h a t  nrake the 
sentence t r u e  m y  be d i v i d e d  among d i s t i n c t  s e t s  cl, .... c  each o f  which 
n  
ga the rs  i n  the square, T h i s  would suggest t h a t  there  are v a r i a b l e s  f o r  a  
domain se ts ,  i f ,  as i n  0 . 2 . ,  q u a n t i f i e r s  are  opera tors .  
1.3 Euent-dependent a u a n t i f i c a t i o n  
(13) a. Few exper t s  (ewer) agree 
b.  Few Democrats (ewer) vo te  w i t h  the P res iden t  
c. Few good s tuden ts  are  (ewer) unprepared 
d. Few advanced s tuden ts  (ewer) c o l l a b o r a t e d  on three problems 
L, Car lson has observed t h a t  the sentences i n  (13) have an i n t e p r e t a t i o n ,  
which I w i l l  c a l l  event-dependent q u a n t i f i c a t i o n ,  i n  which the q u a n t i f i e r  ff 
N' seems t o  be w i t h i n  the scope o f  an ( i m p l i c i t )  u n i v e r s a l  q u a n t i f i e r .  The 
event-dependent i n t e r p r e t a t i o n  o f  the q u a n t i f i e r  i n  (13a) has the paraphrase 
"whenewer there  i s  an agreement, i t  i n v o l v e s  few exper ts . "  Note t h a t  (13a) 
may be t r u e  w i t h  t h i s  i n t e r p r e t a t i o n  a l though i t s  i n t e r p r e t a t i o n  accord ing t o  
para. 1.2. i s  f a l s e r  i f ,  f o r  example, every one o f  many exper t s  agrees w i t h  
rma o the r  exper t ,  bu t  no one o p i n i o n  i s  shared by many of the exper ts ,  
Chapter 2 
Set -denota t ive  l o g i c  
Set -denota t ive  l o q i c  rep resen ts  i n  a s tandard ized form an a n a l y s i s  o f  
p l u r a l s  shared, more o r  l e s s ,  by severa l  au tho rs  who assume otherwise d i ve rse  
6 frameworks . I t s  bas i c  assumption i s  t h a t  p r e d i c a t e s  denote s e t s ,  thus 
r e j e c t i n g  the  s tandard  assumption o f  para. 0.3. The s tandard  assumptions 
7 
about q u a n t i f i c a t i o n  i n  para.  0.1 and 0.2 remain . Thus, there  are 
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v a r i a b l e s  whose values, c i n  the  schema i n  ( 2 1 ,  are s e t s  . Some atomic 
.I 
sentences are shown an the  l e f t  s ide  o f  the  b i c o n d i t i o n a l s  i n  (14) .  cl and 
6. Car lson (19801, Cormack and Kempson (19811, Hiqqinbotham (1980, 1984a1, 
L i n k  (1984), Scha (1981) among o the rs .  
Cormack and Kempson and Hiqqinbotharn do no t  t r e a t  decreasing q u a n t i f i e r s ,  and 
Cormack and Kempson do n o t  t r e a t  q u a n t i f i c a t i o n  w i t h  c o l l e c t i v e  p r e d i c a t e s  
( 1  -2 )  I 
7. Higqinbotham (1984a) appears t o  a l s o  deny para.  0.1. by assuminq a p lace 
f o r  events i n  the  p r e d i c a t e  bound by an e x i s t e n t i a l  q u a n t i f i e r .  But ,  t h i s  
assumption and the d e n i a l  o f  para. 0.1 p l a y  no r o l e  i n  h i s  a n a l y s i s  o f  
p l u r a l s ,  which i s  e s s e n t i a l l y  se t -denota t ive .  See chap, 3 on event l o g i c ,  
where r e j e c t i n g  para,  0.1 i s  c r u c i a l  t o  the t reatment  o f  p l u r a l s ,  
8. The necessary danain o f  s e t s  i s  the power s e t  (minus the empty s e t )  o f  
those t h i n g s  t h a t  a re  i n d i v i d u a l s  ucder para.  0,3. For example, the 
p r e d i c a t e  men(r) denotes the  members o f  the  power s e t  o f  men (minus the empty 
s e t ) .  Every denotatum i s  a s e t  of men ( s i n g l e t o n s  inc luded) .  The deno ta t i on  
does n o t  i nc lude  s e t s  of . . .sots o f  men. Eber le  (1970) shows t h a t  a domain o f  
s e t s  D 3 power se t  o f  A minus the empty s e t  i s  isomorphic t o  the n o m i n a l i s t i c  
domain o f  sums o f  members o f  A. The argument below aga ins t  se t -denota t ive  
l o q i c ,  50 c a l l e d  because s e t s  are f a m i l i a r ,  does no t  depend on any p a r t i c u l a r  
view o f  the aggregates denoted. 
c  are se ts .  2 
(14) 'ent(cl,cp)' i s  t r u e  i f f  they,  c  , eat  them, c  2 ' 
' c a r r y  h a e ( c  ,c 1'  i s  t r u e  i f f  \hey, cl, c a r r y  home them, c  
'qather(c l ) '  ? s  t r u e  i f f  they,  cl, ga ther .  2 ' 
' c o l l a b o r a t e  w i t h  (each o the r ) ( c l ) " i s  t r u e  i f f  they,  
' t , c o l l  aborate w i t h  each o t h e r ) .  
I n  the l o g i c a l  syn tax ,  p r e d i c a t i o n  i n v o l v e s  o n l y  se ts ,  no t  t h e i r  member 
9 i n d i v i d u a l s  , The n o n l o q i c a l  meaninq o f  a  p a r t i c u l a r  p r e d i c a t e  s p e c i f i e s  ( b y  
meaninq p o s t u l a t e  o r  o therwise)  whatever behavior  the  member i n d i v i d u a l s  must 
show f o r  the p r e d i c a t i o n  o f  the s e t  t o  be t r u e .  
We now in t roduce the  c lauses t h a t  i n t e r p r e t  p l u r a l  q u a n t i f i c a t i o n  i n  
se t -denota t iue  l o q i c .  We then d i scuss  the se t -denota t iue  rep resen ta t i ons  o f  
the phenomena descr ibed i n  chap. 1. 
The f i r s t  p a i r  o f  c lauses are f o r  i nc reas inq  q u a n t i f i e r s ,  such as me.,-men, 
which do n o t  imply an upper bound on the ex tens ion o f  the p red ica te .  The 
second p a i r  o f  c lauses i n t e r p r e t  non- increasing q u a n t i f i e r s ,  such as f,e!&me,n 
and e x a c t l y  ten  men, which do p u t  an upper bound on the p r e d i c a t e .  As f i r s t  
mentioned i n  note  5, Scha (1981) p o i n t s  out  t h a t  some q u a n t i f i e r s ,  such as 
600 Dutch f i r m s  and the Dutch f i r m s ,  are i n  some c o n t e x t s  i nc reas ing  and i n  
o t h e r s  non- increasinq.  These may be i n t e r p r e t e d  by any o f  the f o l l o e ~ i n g  
c  1 auses 10,11 . 
9. We consider  below a se t -deno ta t i ve  l o q i c  t h a t  a l s o  con ta ins  u a r i a b l e s  
s o r t e d  f o r  i n d i v i d u a l s .  T h e i r  presence a t  t h i s  p o i n t  i s  no t  r e l e v a n t .  
10. (15) and (16) f o l l o w  c l o s e l y  Car lson (1980) and Scha (19811, who are the 
most e x p l i c i t  i n  q u a n t i f y i n g  over se ts .  
11, A non- increas ing q u a n t i f i e r  e s t a b l i s h e s  an upper bound on the extension 
o f  the p r e d i c a t e :  i s  t r u e  o+ C and no o the rs .  Hence, the c lauses i n  ( 1 6 )  
must take i n  e v e r y t h i n g  t h a t  i s  4 ,  Some o f  the non- increas ing q u a n t i f i e r s ,  
(15) I n c r e a s i n q  q u a n t i f i e r s .  
a. (undi  u i ded re fe rence  t o  a  denotatum12) 
' [ Q  N ' l  + ( x ) '  i s  t r u e  i f f  f o r  some ( c l a s s )  c ,  c  i s  C Q  N'3-many, 
and ' 4 ( c l D  i s  t r u e .  
b. ( d i v i d e d  re fe rence  t o  denotata)  
'10 N ' l  # ( x ) *  i s  t r u e  i f f  f o r  some (c lasses )  c  ,..., c ~ , , . . ,  the 
un ion o f  cl, ... ,ck ,... i s  [ Q  N'l-many, and ' 4 ) ~ ~ ) "  i s  t rue . .  .and 
'4 (ck) "  i s  t rue, . . .  
(16) Non- increasing q u a n t i f i e r s .  
a. (euent-dependent) 
'[Q N'1 +(XI" i s  t r u e  i f f  every ( c l a s s )  c  such t h a t  " 4 ( c ) '  i s  
t r u e  i s  CQ N'l-many, 
b. (non-event-dependent) 
' [ Q  N ' l  4 ( x I a  i s  t r u e  i f f  the un ion o f  a l l  c l asses  c  such t h a t  
' O ( C ) '  i s  t r u e  i s  [ Q  N'l-many. 
2.1 The sum o f  p l u r a l s  
I n  se t -deno ta t i ve  l o g i c ,  the sum o f  p l u r a l s  i n t e r p r e t a t i o n  o f  the sentences 
those which are here c a l l e d  non-decreasing, e s t a b l i s h  a t  the same t i m e  a  
lower bound on the  ex tens ion o f  the p r e d i c a t e ,  r e q u i r i n g  a t  l e a s t  some 
non-empty C t o  be 4. Decreasing q u a n t i f i e r s  a l l o w  the ex tens ion o f  the 
p r e d i c a t e  t o  be empty. few c r i t i c s  and none o f  the books are examples o f  
decreasing q u a n t i f i e r s ,  and e x a c t l y  ten  c r i t i c s  i s  a  non- increasing,  
non-decreasing q u a n t i f i e r .  I n c r e a s i n g  q u a n t i f i e r s ,  as the e x i s t e n t i a l  
q u a n t i f i c a t i o n  i n  (15) shows, e s t a b l i s h  a  lower bound bu t  impose no upper 
bound. Examples are  ten c r i t i c s ,  the boys and some books. ( i )  c h a r t s  the 
te rmino logy  used here.  
( i )  NP i s  non- increas inq i f  i t  e s t a b l i s h e s  an upper bound 
NP i s  i n c r e a s i n q  i f  i t  does not e s t a b l i s h  an upper bound 
NP i s  non-decreasinq i f  i t  e s t a b l i s h e s  a  lower bound 
NP i s  decreas inq i f  i t  does not e s t a b l i s h  a  lower bound 
No NP i s  bo th  i nc reas ing  and decreasing. I n  t h i s  work, ' (non- ) increas inqU i s  
the more important  f e a t u r e ,  as the c l a s s i f i c a t i o n  imposed by (15) and (16) 
would i n d i c a t e .  
12. For convenience and w i t h o u t  p r e j u d i c e ,  1  say " two men' i n  " two men l e f t "  
r e f e r s  t o  two men, a l though i t  i s  sometimes argued t h a t  a  q u a n t i f i e r ,  be ing  
an opera tor  r a t h e r  than a  name, has no re fe rence .  See Sommers (1982) and 
re fe rences  c i t e d  there  f o r  d iscuss ion.  
o f  ( 3 )  and ( 4 )  d e r i v e s  frm (15a) a p p l i e d  t o  bo th  q u a n t i f i e r s ,  An equ iva len t  
i n t e r p r e t a t i o n  r e s u l t s  f rom e i t h e r  assignment o f  scope t o  the q u a n t i f i e r s  
when bo th  are i n t e r p r e t e d  by (15aI.. 
( 3 )  a. Ten boys a te  ten p i e s  
b. The boys a te  the p i e s  
c .  They a te  them 
( 4 )  a. Ten boys c a r r i e d  f i f t y  ca r tons  nome 
b. The boys c a r r i e d  the c a r t o n s  home 
c. They c a r r i e d  them home 
The forms o f  (17) and (18) are n o t  those i n t e r p r e t e d  by the c lauses o f  (15)  
and (161, bu t  they conven ien t l y  show the l o g i c a l  s t r u c t u r e  o f  the 
i n t e r p r e t a t i o n s  t h a t  r e s u l t  f rom c lause (15a).  V a r i a b l e s  x, y, and z are f o r  
i n d i v i d u a l s ,  and v a r i a b l e s  r, s and t are f o r  se ts .  
(17) a.,b.,c.: 
CEr:boys(r)I[Es:pies(s)l t Cten b o y s ( x ) l x  G r & Cten p i e s ( y ) l y  6 s  & e a t ( r , s ) l  
I E r : b o ~ s ( r ) l 1 E s : p i e s O l  [ [ t h e  b o y s ( x ) l x  < r & [ t h e  p i e s ( y ) l y  C s  & e a t ( r , s > l  
[Er:boys~r)lCEs:pies(s)l I I t h e y ( x ) l x  t r & I themCy) ly  C s 6 e a t ( r , s S I  
(18) a.,b. ,c. * :  
IEr:boys(r)l[Es:cartons(s)lItten boys(xJ1x 6 r & [ t e n  c a r t o n s < y ) l y  6 s  & c a r r y t r , s :  
fEr:boystr)lCEs:cartonst~~lCIthe b o y s ( x ) l x  t r & [ t h e  c a r t o n s ( y ) l y  s & c a r r y < r , s )  
CEr:boys(r)I[Es:cartons(s)lItthey(x)lx G r 8 t t h e m ( y ) l y  C s  & c a r r y  h a n e ( r , s ) l  
A l l  the q u a n t i f i e r s  o f  ( 3 )  and ( 4 )  arbe i n c r e a s i n g  and i n t e r p r e t e d  t o  have 
und iv ided  re fe rence  t o  a denotatum ( (15a) )  Thus, ilny sentence o f  ( 3 )  i s  t r u e  
i f  the re  i s  one t r u e  atomic sentence "eat(cl,c2)" where cl i s  an approp r ia te  
s e t  o f  boys and c 2  i s  an approp r ia te  s e t  o f  p i e s .  The atomic sentence i s  
t r u e  accord ing t o  the non log ica l  meaning o f  the p r e d i c a t e .  I n  p a r t i c u l a r ,  
the s i t u a t i o n  descr ibed i n  para.  1.1 i n  which the  member boys o f  c, pass 
around the member p i e s  o f  cp  does no t  f a l s i f y  the atomic sentence i n  which 
eat (x .y )  i s  p r e d i c a t e d  o f  cl and c2. 
2.2 Q u a n t i f i c a t i o n  w i t h  c o l l e c t i v e  ~ r e d i c a t e s  
The phenomena descr ibed i n  para. 1.2 are  t r e a t e d  i n  se t -denota t ive  l o q i c  
under c lauses (15b) and (16b). 
(10) a. The u n i o n i s t s  gather  i n  the square 
b. Ten composers c o l l a b o r a t e d  ( w i t h  each o t h e r )  
(11) a. Few u n i o n i s t s  gathered i n  the square 
b. Few composers c o l l a b o r a t e  ( w i t h  each o t h e r )  
I f  the  i nc reas ing  q u a n t i f i e r  o f  (1Oa) i s  i n t e r p r e t e d  by c lause (15b1, i t s  
re fe rence  can be d i v i d e d  among d i s t i n c t  s e t s  o f  qa therers .  S i m i l a r l y ,  the 
q u a n t i f i e r  i n  ( l o b ) ,  i f  i n t e r p r e t e d  by (15b1, can d i v i d e  i t s  re fe rence  among 
d i s t i n c t  s e t s  o f  c o l l a b o r a t o r s .  I f  the non- increas inq q u a n t i f i c a t i o n  i n  (11)  
i s  i n t e r p r e t e d  by c lause ( l bb3 ,  i t  comprehends a l l  s e t s  ( o f  u n i o n i s t s )  t h a t  
ga ther  i n  ( I l a )  and a l l  s e t s  ( o f  composers) t h a t  c o l l a b o r a t e  i n  (lib). The 
r e s u l t i n q  i n t e r p r e t a t i o n s  are e q u i v a l e n t ,  i n  the convenient  n o t a t i o n  seen 
f i r s t  i n  (17) and (181, t o  the f o l l u w i n q  sentences: 
(19) a. [The u n i o n i s t s ( x ) l 1 E r : u n 1 o n i s t s ~ r ) l  x f r 8 gather i n  the square( r1  
b.  [The composers~x)I[Er:cunposers~r)l x e r & c o l l a b o r a t e  (w/  e.  o . ) t r 1  
(20) a. [Few unionists(x)l1Er:unionists~r)l x f r & gather  i n  the square( r1  
b. [Few composers~x)l[Er:cunposers~r)l x < r & c o l l a b o r a t e  (w/  e .  o . ) ( r )  
2.3 Euent-de~endent  a u a n t i f i c a t i o n  
The i n t e r p r e t a t i o n  o f  q u a n t i f i e r s ,  c a l l e d  event-dependent, which was 
d iscussed i n  para. 1.3, i s  d e r i v e d  i n  se t -deno ta t i ve  l o q i c  from c lause 
(16b). The q u a n t i f i e r ,  under t h i s  c lause,  i s  the measure o f  each s e t  denoted 
by the p red ica te .  The event-dependent i n t e r p r e t a t i o n  o f  the q u a n t i f i e r s  i n  
( 1 3 ) i s  equ iva len t  t o  (21) :  
(13) a. Few exper t s  (eve r )  agree 
b. Few Democrats (ever )  vote w i t h  the Pres ident  
c. Few good s tuden ts  are (ever )  unprepared 
d. Few advanced s tuden ts  (eve r )  c o l l a b o r a t e d  on th ree problems 
(213 a. CAr :expar ts ( r ) l  Cagree(r1 + [Few e x p e r t s ( x ) l x  C r l  
b ,  tAr :Democrats(r> l  [ v o t e  w i t h  the P r e s i d e n t ( r 1  4 [Few good s t u d e n t s ( x ) l x  C r 
c .  IAr:good s t u d e n t s ( r l 1  tunprepared( r1  + [Few good s t u d e n t s ( x ) l  x C r l  
d. t A r : s t u d e n t s ( r ) l  [ c o l l a b o r a t e  on th ree problems(r1 + [Few s t u d e n t s ( x ) l x  < r 
2 . 4  
We conclude t h i s  d e s c r i p t i o n  o f  se t -deno ta t i ve  l o g i c  w i t h  two remarks. 
I n  the s tandard  l o g i c  o f  i n d i v i d u a l s ,  as was seen i n  sec. 0.1, an 
appr-oximation o f  the sum o f  p l u r a l s  was ob ta ined  by n-ary q u a n t i f i c a t i o n .  In 
the se t -denota t ive  l o g i c ,  unary q u a n t i f i e r s  were s u f f i c i e n t  f o r  the sum o f  
p l u r a l s  i n t e r p r e t a t i o n  o f  the examples c i t e d ,  We ment ion here two k i n d s  o f  
i n t e r p r e t a t i o n s  t h a t  r e q u i r e  r a r y  q u a n t i f i c a t i o n  w i t h i n  the se t -denota t iue  
l o g i c .  
For the f i r s t  k i n d ,  suppose the re  i s  a dyadic p r e d i c a t e  on s e t s  
co l l abo ra te (x ,y ) .  Atomic sentences w i t h  t h i s  p r e d i c a t e  meet the c o n d i t i o n  i n  
(22) : 
(22) ' c o l l a b o r a t e  i s  t r u e  i f f  everyone o f  cl 
c o l l a b o r a t e d  w i t h  eve ryme o f  c  on every one o f  c 1 2  
Thus c o l l a b o r a t e  on(x ,y ) *  can be p r e d i c a t e d  on ly  o f  the p a r t i c i p a n t s  o f  an 
i n t i m a t e  c o l l a b o r a t i o n .  
(23) These cunposers c o l l a b o r a t e d  on those operas. 
The sentence ( 2 3 ) ,  which inc ludes  t h i s  p r e d i c a t e ,  i s  however t r u e  even i f  the 
composers and the operas are d i v i d q d  amonq separate c o l l a b o r a t i o n s .  
I n  t h i s  s i t u a t i o n ,  (23) would t u r n  ou t  f a l s e  i f ,  f o l l o w i n g  the e a r l i e r  
examples o f  the sum o f  p l u r a l s ,  bo th  the composers and the operas were 
i n t e r p r e t e d  by c lause (15a) t o  have und iv ided  re fe rence  t o  a denatatum. The 
composers are n o t  a  s i n g l e  s e t  o f  i n d i v i d u a l s  who a l l  together  c o l l a b o r a t e d ,  
and the operas are n o t  a s i n g l e  s e t  whose members were a l l  c o l l a b o r a t e d  on by 
the composers. The re fe rence  o f  the q u a n t i f i e r s ,  these composers and those 
operas must be d i v i d e d  by the a p p l i c a t i o n  o f  c lause (15b).  A t  t h i s  p a i n t ,  we 
can show the f a i l u r e  o f  unary q u a n t i f i c a t i o n  t o  assiqn the c o r r e c t  
i n t e p r e t a t i o n  t o  (23). 
Suppose t h a t  these composers has wide scope and i s  thus the f i r s t  o f  the 
two unary q u a n t i f i e r s  t o  be i n t e r p r e t e d  by (15b) .  Then, the composers are 
d i v i d e d  among s e t s  cl, ..., c such t h a t  the sentences " c o l l a b o r a t e  on (c  k i ' 
those operas)' f o r  l i i l k  are t r u e ,  T h i s  i n t e r p r e t a t i o n  i s  a l ready 
inapprop r ia te  f o r  the s i t u a t i o n  descr ibed,  because i t  r e q u i r e s  every opera t o  
be p a r t  o f  the work of a t  l e a s t  separate c o l l a b o r a t i o n s .  Each o f  the k 
sets ,  cl, ..., c i s  r e l a t e d  t o  a : ~  the operas by the one o f  the sentences k ' 
" c o l l a b o r a t e ( c  those operas) " ,  l l i i k .  I n  each o f  the k-many sentences, i ' 
(15b) w i l l  app ly  t o  those operas. For the sub jec t  c i  o f  each o f  these 
sentences, (15b) may d i v i d e  the operas among severa l  o f  c i ' s  c o l l a b o r a t i o n s :  
b u t ,  note t h a t  every opera must appear i n  a t  l e a s t  one o f  the c o l l a b o r a t i o n s  
o f  each o f  the k- s e t s  o f  composers. But ,  the t r u t h  c o n d i t i o n s  f o r  (23) are 
weaker. I f  the composers are d i v i d e d  amonq K separate s e t s  o f  c o l l a b o r a t o r s ,  
i t  i s  s u f f i c i e n t  f o r  the t r u t h  o f  (23) t h a t  every opera be the work o f  j u s t  
one o f  these se ts .  O f  course,  the oppos i te  assignment o f  scope, f i r s t  
a p p l y i n g  t15b) t o  those operas and then t o  these cmDosers,  a l s o  asc r ibes  
t r u t h  c o n d i t i o n s  t o  (23) t h a t  are too  s t ronq .  
The c o r r e c t  c o n d i t i o n s  are asc r ibed  t o  (23) i f  these composers and those 
operas, are i n t e r p r e t e d  as a  s i n g l e  b i n a r y  q u a n t i f i e r  ouer ordered p a i r s  o f  
s e t s  ( c f .  (8)  above.): 
(24) ' [ these canposerslX[those o ~ e r a s l ( < x , y ) )  c o l l a b o r a t e  
on(x,y)' i s  t r u e  i f f  f o r  s e t s  cl,,..,c the un ion o f  which i s  
these c m p o s e r s  and f o r  s e t s  ol, ..., o  k t h e  union o f  which i s  
these operas, m c o l l a b o r a t e  on(cl ,ol I n k i s  t rue , .  . .and " c o l l a b o r a t e  
on(ck,ok)' i s  t rue .  
The need f o r  q-ary q u a n t i f i c a t i o n  depends on the assumption t h a t  (231, 
which i s  t r u e  even i f  the composers and the operas are d i v i d e d  amonq separate 
c o l l a b o r a t i o n s ,  c o n t a i n s  a p r e d i c a t e  w i t h  the  t r u t h  c o n d i t i o n s  descr ibed i n  
(22) .  But,  t h i s  i s  somethinq we cannot be sure o f .  The meaninq o f  the 
p r e d i c a t e  i n  (23) may i t s e l f  r e q u i r e  l e s s  i n t i m a t e  c o l l a b o r a t i o n  than ( 2 2 ) :  
(25) ' c o l l a b o r a t e  o n ( ~ ~ , c ~ ) ~  i s  t r u e  i f f  everyone i n  c1 
c o l l a b o r a t e d w i t h  smeone i n  cl on s m e  one o f  c  andevery one 
o f  c2 was c o l  l aborated on by members o f  cl , 2 ' 
I f  (25) i s  the p r e d i c a t e  i n  (23),  then the sentence i s  l i k e  the o ther  
examples o f  a  sum o f  p l u r a l s .  The p l u r a l s  are unary q u a n t i f i e r s .  Under 
c lause (15a>, these composers has und iv ided  re fe rence  t o  a  denotatum c l ,  and 
those operas r e f e r s  t o  a  denotatum c2, (23) w i l l  then be t r u e  o f  the 
composers and the operas, d i v i d e d  amonq separate c o l l a b o r a t i o n s ,  w i t h o u t  
n-ary q u a n t i f i c a t i o n .  A t  t h i s  p o i n t ,  I know o f  no evidence t h a t  suqgests 
whether the weak t r u t h  c o n d i t i o n s  o f  (23) should d e r i v e  from the l e x i c o n  
( ( 2 5 ) )  or f rom the apparatus o f  q u a n t i f i c a t i o n  theory .  
The second k i n d  o f  i n t e r p r e t a t i o n  t h a t  r e q u i r e s  n-ary  q u a n t i f i c a t i o n  i s  
c a l l e d  by Scha (1981) cumula t ive  q u a n t i f i c a t i o n .  
(26) 500 Dutch f i r m s  bouqht 600 American computers, ( f rom Scha 1P81)  
(261, when so i n t e p r e t e d ,  i s  t r u e  j u s t  i n  case the r e l a t i o n  " x ,  a Dutch f i r m ,  
buys, y  an h e r i c a n  computer' i n v o l v e s  e x c l u s i v e l y  f i v e  hundred Dutch f i r m s  
and s i x  hundred American computers. No o ther  Dutch f i r m  bouqht an American 
computer, and no o the r  American computer was bouqht by a Dutch f i r m .  
Cumulative q u a n t i f i c a t i o n  i s  thus non- increasing.  U n l i k e  the f i r s t  k i n d  o f  
i n t e r p r e t a t i o n ,  there  i s  no doubt t h a t  cumula t ive  q u a n t i f i c a t i o n  must be 
g-ar y  . 
I n  para. 2.1, the  sum o f  p l u r a l s  i s  the i n t e r p r e t a t i o n  t h a t  r e s u l t s  from a 
p r e d i c a t i o n  o f  i n d i v i d u a l  se ts .  By c lause (15a),  the p l u r a l s  i n  (3a) r e f e r  
t o  a  s e t  o f  ten boys and a  s e t  o f  t en  p i e s ,  o f  which ~ a t ( x , y )  i s  p red ica ted .  
The q u a n t i f i e r s  are increas ing.  
( 3 )  a. Ten boys a te  ten  p i e s  
The p l u r a l s  o f  (26) so t r e a t e d  would n o t  y i e l d  cumulat ive q u a n t i f i c a t i o n .  
P r e d i c a t i n g  b u ~ ( x , r )  o f  a  se t  o f  f i v e  hundred Dutch f i r m s  and a  s e t  o f  s i x  
hundred computers i s  no t  exc lus i ve .  Other Dutch f i r m s  may have bought o ther  
American computers. 
Q u a n t i + i e r s  under c lause t l b b )  a re  non- increas ing as requ i red .  But ,  
cumulat ive q u a n t i f i c a t i o n  i s  n o t  d e r i v e d  i f  the q u a n t i f i e r s  o f  (26) are unary 
and i n t e r p r e t e d  consecu t i ve l y  under some assignment.of scope, Consider the 
i n t e r p r e t a t i o n  under (16b) o f  the scope assignment i n  (27) :  
(27)  500 Dutch f i rms-x 600 American computers-Y bought(x,y> 
(27) says t h a t  t he re  are  e x a c t l y  f i v e  hundred Dutch f i r m s  t h a t  can be d i v i d e d  
among s e t s  each o f  which bought e x a c t l y  s i x  hundred f h e r i c a n  computers. T h i s  
i s  no t  the cumulat ive i n t e r p r e t a t i o n  o f  the q u a n t i f i e r s  i n  (26 ) ,  accord ing t o  
which s i x  hundred i s  the  t o t a l  number o f  American computers bought by i l l 1  
Dutch f i r m s .  (27) has more i n  c m o n  w i t h  the cumula t ive  q u a n t i f i c a t i o n  o f  
(28) :  
(28) E x a c t l y  500 Dutch f i r m s  bouqht at l e a s t  A00 American computers 
They can bo th  be t r u e  i n  s i t u t a t i o n s  where more than s i x  hundred American 
computers are bought by Dutch f i rms.13 S i m i l a r  observat ions  show t h a t  the 
a l t e r n a t i v e  assignment o f  scope t o  the q u a n t i f i e r s  o f  (261 w i l l  no t  represent  
cumula t ive  q u a n t i f i c a t i o n .  
Scha's (1981) compound numer ica ls  are non- increas ing q-ary q u a n t i f i e r s  over 
se ts .  The cumula t ive  q u a n t i f i c a t i o n  i n  (26) r e q u i r e s  a  b i n a r y  q u a n t i f i e r  
t h a t  meets the c o n d i t i o n  i n  ( 2 9 ) :  
(29) ' t500 Dutch f i r m s l X t d 0 0  American computers l ( {x ,y>)  buy (x ,y ) "  
i s  t r u e  i f f  e x a c t l y  500 Dutch f i r m s  can be d i v i d e d  arnonq s e t s  
fl, ..., f and e x a c t l y  600 Aolerican computers can be d i v i d e d  among k 
s e t s  cl, ..., c  such t h a t  'buy(f l tc l) '  i s  true,. . .and " b u y ( f k , c k ) "  
i s  t r u e .  k 
13. (27) e n t a i l s  (28) .  I t  i s  a l s o  e n t a i l e d  by (28) i f  buy(x,y), p red ica ted  
o f  two se ts ,  i s  r e d u c i b l e  t o  the  r e l a t i o n  arnonq t h e i r  members descr ibed i n  
t i l r  
( i )  ' ~ u Y ( c ~ . c ~ ) ~  i s  t r u e  i f f  every member o f  c1 bought some member o f  c 
and every member o f  c2 was bought by some member o f  c  2 ' 1  
The l a s t  remark i s  t o  e l i m i n a t e  a p o s s i b l e  confus ion  about the te rmino logy  
used here.  P red ica tes  and atomic p r e d i c a t e s  are r e l a t i v e  t o  a  g iven system 
o f  q u a n t i f i c a t i o n .  A p r e d i c a t e  i s  whatever i s  operated on by q u a n t i f i e r s .  
An atomic p r e d i c a t e  i s  a  p r e d i c a t e  t h a t  c o n t a i n s  no q u a n t i f i e r s .  They are 
what the system o f  q u a n t i f i c a t i o n ,  a  ! i s t  o f  r e c u r s i v e  d e f i n i t i o n s  <e.q.,  
(15) and (16) ;  v. (211,  l eaves unanalyted.  On most occasions,  we  w i l l  l e t  
the verb  i t s e l f  s tand f o r  the atomic p r e d i c a t e  o f  i t s  sentence. I n  
d i scuss ing  the q u a n t i f i c a t i o n a l  s t r u c t u r e  o f ,  f o r  example, " f e w  u n i o n i s t s  
gather ' ,  we l e t  'ga ther (x ) '  s tand f o r  the atomic p r e d i c a t e  and f o r  whatever 
the q u a n t i f i e r  'few u n i o n i s t s "  operates on accord inq t o  (16) .  S i m i l a r l y ,  i n  
the sentence ' the  s i d e s  of r e c t a n q l e  1 c ross  the s i d e s  o f  r e c t a n q l e  2", we 
l e t  'cross(x,y) '  s tand  f o r  t he  atomic p r e d i c a t e  l e f t  a f t e r  the a n a l y s i s  o f  
the q u a n t i f i e r s  ' the  s i d e s  of r e c t a n q l e  1' and ' the  s i d e s  o f  r e c t a n g l e  2 ' .  
But t h i s  convenience i s  n o t  meant t o  exclude the p o s s i b i l i t y  t h a t  what i s  
atomic f o r  the system of q u a n t i f i c a t i o n  i s  s t i l l  complex. The meaning o f  the 
f i r s t  a t a n i c  p r e d i c a t e  may be b e t t e r  represented by nun ion is t s -~a the r (x>" ,  
t r u e  o n l y  o f  s e t s  o f  u n i o n i s t s  t h a t  ga ther .  I n s t e a d  o f  the paraphrase "any 
g a t h e r i n g  c o n t a i n s  few u n i o n i s t s n ,  the  event-dependent i n t e r p r e t a t i o n  of t h a t  
sentence comes out  as 'any u n i o n i s t - g a t h e r i n g  c o n t a i n s  f e w  u n i o n i s t s ' ,  and 
the non-event-dependent i n t e r p r e t a t i o n  i s  'few u n i o n i s t s  were i n  any 
un ion is t -ga the r ingn  r a t h e r  than 'few u n i o n i s t s  were i n  any qather inq . '  
S i m i l a r l y ,  the  atomic p r e d i c a t e  o f  the second example may be one t h a t  can be 
t r u e  o f  a  p a i r  o f  s e t s  5 and y j u s t  i n  case they  are each a  se t  o f  r e c t a n q l e  
s ides,  ' s i des  o f  r e c t a o q l e  c ross  s i d e s  o f  rec tang le (x ,y ) ' .  
The purpose o f  t h i s  remark i s  j u s t  t o  p o i n t  ou t  t h a t  the d i f f e r e n c e s  i n  
i n t e r p r e t a t i o n  wrought by v a r y i n g  the i n t e r n a l  s t r u c t u r e  o f  the atomic 
p r e d i c a t e s  w i l l  n o t  a f f e c t  the f o r c e  o f  the arquments developed here. I n  the 
body o f  the t e x t ,  I w i l l  assume, desp i te  the formal ism, t h a t  the atomic 
p r e d i c a t e s  are complex, 'un ion is ts -gather (x> '  and ' s ides  o f  r e c t a n q l e  c ross  
s i d e s  o f  rec tanq le (x ,y ) " .  T h i s  i s  l i k e l y  t o  be the c o r r e c t  assumption f o r  a t  
l e a s t  the reason p o i n t e d  out  i n  Scha(19811, namely, t h a t  the non loq ica l  
meaning o f  a  p r e d i c a t e  depends on the nominals i t  i s  construed w i t h ,  as 
i l l u s t r a t e d  by h i s  example, " s i d e s  o f  r e c t a n q l e  c ross  s i d e s  o f  
rec tanq le (x ,y ) " ,  which may Rave a  meaning, such as the one d iscussed i n  the 
f o l l o w i n g  sec t i on ,  t h a t  i s  d i s t i n c t  f rom o the r  p r e d i c a t e s  based on " c r o s s n ,  
even f rom a  p r e d i c a t e  as s i m i l a r  as " l i n e s  c r o s s  l i n e s ( x , y ) " .  Moreouer, we  
w i l l  see i n  sec. 3.1 t h a t  the event l o g i c  must assume t h a t  atomic p r e d i c a t e s  
are s i m i l a r l y  complex i n  order  t o  d e r i v e  Scha's cumula t ive  q u a n t i f i c a t i o n  
d iscussed i n  sec. 2.4.1. 
Whether or  no t  atomic p r e d i c a t e s  are c o r r e c t l y  considered t o  be complex, I 
w i l l  assume i t  i n  d i s c u s s i n g  the se t -denota t ive  l o g i c  j u s t  t o  pu t  i t  i n  the 
best  p o s s i b l e  p o s i t i o n  w i t h  respect  t o  the arguments developed below, 
e s p e c i a l l y  i n  chapter  4. Where necessary, I w i l l  i n d i c a t e  i n  f o o t n o t e s  how t o  
mod i f y  the argument i n  order  t o  accommodate s imple atomic p red ica tes ;  bu t ,  i t  
w i l l  be seen t h a t  the d e f e c t s  i n  se t -deno ta t i ve  l o g i c  are thereby 
exaggerated. 
Chapter 3 
Event l o g i c  14 
The behavior  o f  p l u r a l s  i s  exp la ined  i n  terms o f  q u a n t i f i c a t i o n  over 
events. A  c r u c i a l  problem i n  t h e i r  behavior  was summarized a t  the end o f  
para. 1.1 as f o l l o w s :  a l though p r e d i c a t e s  such as c a r r r ( x , r )  and gat(x, .y l  
are p red icab le  o f  i n d i v i d u a l s ,  once p l u r a l s  are t h e i r  arguments, they acqu i re  
i n t e r p r e t a t i o n s  t h a t  are n o t  r e d u c i b l e  w i t h i n  s tandard  assumptions (0 .1 -0 .3 )  
t o  p r e d i c a t i o n s  about i n d i v i d u a l s .  The approach o f  se t -denota t ive  l o g i c  i s  
t o  r e j e c t  the s tandard  assumption 0,3 by hav ing p r e d i c a t e s  denote se ts .  The 
approach o f  event l o g i c  t o  t h i s  c r u c i a l  problem develops f rom the r e j e c t i o n  
o f  s tandard  assumption 0.1.. I n  a d d i t i o n  t o  the NP arquments, the l o q i c a l  
form o f  any sentence i n  event l o g i c  c o n t a i n s  a  p lace f o r  events. quantify in^ 
over events rep laces  q u a n t i f y i n q  over s e t s  o f  i n d i v i d u a l s .  
The o n t o l o g i c a l  c m i t t m e n t  t o  events  i s  d iscussed i n  more d e t a i l  i n  sec. 
3.4, Here we w i l l  in t roduce j u s t  enough about events  i n  order  t o  develop the 
l o g i c a l  syntax o f  p l u r a l s  i n  sec. 3.0-3 .3 .  
Event l o g i c  i s  canmi t ted  t o  the ex is tence o f  events as i n d i v i d u a l s  i n  the 
w o r l d  (o r ,  as elements i n  the domain). An event i s  no t  as s o l i d  as a  t a b l e ,  
---------- 
14. see Oavidson 19671 Kroch 1974, p.  2 5 7 f f .  
bu t  i t  has as much concre te  r e a l i t y  as, say, a baseba l l  qame. We t a l k  about 
e v ~ n t s ,  i n d i v i d u a t e  them, and r e f e r  t o  them d i r e c t l y ,  as i n  t h a t  was a  f i n e  
baseba l l  w. What can be s a i d  about events r e v e a l s  tha.t they can have 
i n t e r n a l  s t r u c t u r e ,  Thus, tho p r e d i c a t e  a  baseba l l  same<x) denotes 
i n d i v i d u a l s  which c o n t a i n ,  accord ing t o  the r u l e s  o f  the qame, opposing teams 
and p l a y e r s  i n  p r e s c r i b e d  r o l e s  execu t ing  v a r i o u s  a c t i o n s ,  The r o l e s  and 
a c t i o n s  th;t are taken t o  c o n s t i t u t e  an event o f  t h i s  k i n d  are a ma t te r  o f  
d e f i n i t i o n  o r ,  i n  t h i s  case, i n v e n t i o n ,  and th9  concept o f  a  baseba l l  game 
may be so p r e c i s e l y  a r t i c u l a t e d  t h a t  some o f  i t s  c o n s t i t u e n t  r o l e s  and 
a c t i o n s  do n o t  e x i s t  ou ts ide  the game. However a d  ~,OI they are,  one knows 
t h a t  whatever i s  a  baseba l l  qamo has these r o l e s  and a c t i o n s  f u l f i l l e d :  
(30) That i  was a  f i n e  baseba l l  game, 
iti'. p i t c h e r s  were N e i l  Briskman and Ed H i m e l f a r b ,  and i t j ' s  
ca tche rs  were Dav id  Eisenberg and J e r r y  Si lverman. 
Because o f  our knowledge o f  b a s e b a l l ,  we know t h a t  Briskman and H i m e l f a r b  
threw b a l l s ,  and E i s e n b e ~ q  and Si lverman caught b a l l s .  We a l s o  know, because 
t h a t i  and the two occurrences o f  iti r e f e r  t o  the s z c  baseba l l  game, t h a t  
- - 
Briskman and H i m e l f a r b  threw b a l l s  to Eisenberg and Si lverman, Note t h a t  
(30) does no t  c o n t a i n  a  dyadic p r ~ d i c a t e  t o  express t h i s  r e l a t i o n  between the 
p i t c h e r s  and the ca tchers ,  r a t h e r  the knowledqe o f  t h i s  r e l a t i o n  i s  conveyed 
i n d i r e c t l y  through what we know about the  event i n  which they a l l  
p a r t i c i p a t e d .  
T h i s  use o f  events t o  mediate the expression o f  r ~ l a t i o n s  i s  the main 
' t r i c k n  beh ind event l o g i c  and our a n a l y s i s  of p l u r a l s .  Thus a  sentence such 
&s (31) has an i n t e r p r e t a t i o n  accord ing t o  which there  was an event which was 
a  s e l l i n g ,  i t  i nvo lved  th ree agents as s e l l e r s ,  i t  i nvo lved  twen ty - f i ve  
b u i l d i n g s  as what was so ld ,  and i t  i nvo lved  two i n v e s t o r s  as s e l l e e s .  
(31) Three aqents s o l d  twen ty - f i ve  b u i l d i n q s  t o  two inves to rs .  
(32) Ee t e  was a  s e l l i n g  8. e ' ~  s e l l e r s  were th ree  agents 8 
e's s e l l e e r  were two i n v e s t o r s  & e's s o l d  were twen ty - f i ve  b u i l d i n g s . 1  
The f a c t  t h a t  the th ree agent's s e l l i n g  was o f  the  twen ty - f i ve  b u i l d i n q s  and 
t o  the two i n v e s t o r s  i s  known frm the p a r t i c i p a t i o n  o f  aqents, b u i l d i n q s  and 
i n v e s t o r s  i n  the same event .  
We now show by example how the n o n - r e d u c i b i l i t y  o f  p l u r a l s  t o  s i n q u l a r s  i s  
t r e a t e d  i n  event l o q i c .  Event l o g i c  t r i e s  t o  t r e a t  the th ree aspects o f  
p l u r a l s  1 . 1 - 1 . 3 .  which cannot be represented w i t h i n  the s tandard  
assumptions (0.1.-0.3.) by q u a n t i q y i n g  over events. Comparison w i t h  
se t -denota t ive  l o g i c  w i l l  b r i n q  ou t  an important  s y n t a c t i c  d i f f e r e n c e  r e l a t e d  
t o  the  ' t r i c k '  w i t h  m e d i a t i n g  events. Events are  l i k e  s e t s  i n  ' con ta in ing "  
p a r t i c i p a n t s .  W i th  respec t  t o  t h i s  s i m i l a r i t y ,  the v a r i a b l e  over events i s  
the  o n l y  p lace i n  the event l o g i c  f o r  q u a n t i f y i n g  over s e t - l i k e  ob jec ts .  In 
the event l o q i c ,  there  are no atomic r e l a t i o n s  w i t h  two or  more p laces  whose 
arguments are  s e t - l i k e  o b j e c t s .  But ,  i n  se t -deno ta t i ve  l o q i c ,  eue r r  p l u r a l  
occupies such a  p lace .  
W i t h i n  the s tandard  assumptions 0.1-0.3, the sentence i n  (33) p l a i n l y  
cannot be reduced, accord ing t o  the q u a n t i f i c a t i o n  schema 0.2, t o  sentences 
about i n d i v i d u a l  p o i n t s :  
(33) The p o i n t s  are densely ordered 
I n  se t -deno ta t i ve  l o g i c ,  i s  densely o r d e r e d 0  denotes se ts ,  and _t_htjoLm 
r e f e r s  t o  one se t  o f  which the p r o p e r t y  i s  p red ica ted :  
(34) I E r :  the p o i n t s ( r ) l  i s  densely o r d ? r e d ( r )  15 
We can assume, f o r  concreteness, t h a t  the p r e d i c a t e ,  monadic i n  
se t -denota t ive  l o q i c ,  meets the c o n d i t i o n  i n  (351, which p r e s c r i b e s  the 
f a m i l i a r  axioms o f  r dense o rde r .  The va lues  o f  a rc  a r b i t r a r y  s e t s  o f  
(35) L e t  'AxDO' abbrev ia te :  
E x E y ( x € r  & ~ 6 r  & ~ G Y )  & 
(XI (x  4 r + -x ( XI & 
(x ) (y ) ( z )  ( ( x  6 r & y  6 r & z 6 r )  + ( ( x  ( y  8 y ( 2 )  + x ( z ) )  k 
( x ) ( y )  ( ( x  f r & y 6 r )  + ((-'x < y  & -y  ( x )  + x = y ) )  & 
( x ) ( y I  ( ( x  6 r & y  < r )  + t x  ( y  + Ez (Z 6 r & x ( z & z ( y ) ) l  
' i s  densely o rde red ( r ) '  i s  t r u e  i f f  AxDO 
I n  the event l o q i c  f o r  sentence (331, no change i n  (35) i s  r e q u i r e d  when 
s e t s  o f  i n d i v i d u a l s  are rep laced  by events. I n s t e a d  o f  a r b i t r a r y  s e t s  o f  
p o i n t s ,  the va lues  o f  are events. Acco:*ding t o  (351, i f  c i s  an event o f  
dense o rde r ing ,  i t  c o n t a i n s  p a r t i c i p a n t s ,  the p o i n t s ,  t h a t  are densely 
ordered,  Sentence (33) i n  the event l o q i c  can be paraphrased by ' the  p o i n t s  
are i n v o l v e d  i n  some dense o rde r ing , "  which a t  t h i s  p o i n t  i s  a p p r o p r i a t e l y  
rendered by e i t h e r  o f  the forms i n  (361, t h e i r  d i f f e r e n c e s  be inq  immater ia l  
a t  t h i s  p o i n t .  
(36) a. Er I r ' s  p a r t i c i p a n t s  are the p o i n t s  & i s  densely o r d c r e d ( r ) l  
b. Er the po in ts -x  I x  i s  one o f  r ' s  p a r t i c i p a n t s  8 i s  densely o r d e r e d ( r ) l  
I n  (36b1, the  p o i n t s  i s  t r e a t e d  as a  q u a n t i f i e r  over i n d i v i d u a l s  x .  Hence 
there  i s  a  p r e d i c a t e  on i n d i v i d u a l s  x, ' x  i s  one o f  r ' s  p a r t i c i p a n t s D .  I n  
15. c f .  (17) and (18).  
16. I f i x  the  meaning o f  i s  densely ordered( r1  i n  some way i i ~  order  t o  
compare the  se t -deno ta t i ve  l o g i c  and the event l o q i c l  b u t ,  (35)  i s  presented 
w i t h o u t  c m i t t m e n t  t o  the view t h a t  l e x i c a l  meaning i s  represented w i t h  
meaning p o s t u l a t e s .  
(36a), the NP the ~ o i n t o  i s  a p r e d i c a t e ,  s i m i l a r  t o  i t s  use i n  (34) as a 
r e s t r i c t i o n  on the q u a n t i f i e r ,  t h a t  denotes va lues  o f  r .  The f i r s t  (36a) i s  
the one f i n a l l y  adopted f o r  reasons d iscussed i n  sec. 3.1.1. 
I t  would appear f rom a comparison o f  (34)  w i t h  e s p e c i a l l y  (360) t h a t  
r e p l a c i n g  s e t s  o f  i n d i v i d u a l s  w i t h  events has few v i s i b l e  e f f e c t s ;  b u t ,  t h i s  
appearance i s  l i m i t e d  t o  sentences w i t h  o n l y  one NP argument, An important  
d i f f e r e n c e  between se t -deno ta t i ve  l o g i c  and event l o g i c  e x i s t s  i n  the 
t reatment  o f  sentences w i t h  more than one NP argument. The example sentence 
(37) i s  f rom Scha (1981). As he p o i n t s  o u t ,  the i n t e p r e t a t i o n  o f  (37) t h a t  
i s  t r u e  o f  the f i g u r e  shown i s  again p l a i n l y  n o t  r e d u c i b l e  w i t h i r i  the 
s tandard  assumptions t o  sentences about i n d i v i d u a l s .  
(37) The s i d e s  o f  r e c t a n g l e  1 c ross  the s i d e s  o f  r e c t a n q l e  2 
I n  the set-denotat  iue a n a l y s i s  o f  (37) ,  c r o s s ( ~  ,Y) ( o r ,  5 M - e ~  of rtgc tan911 
c ross  s i d e s  o f  r e c t a n ~ l e ( x , r ) ,  see para.  2 .4 .2 . )  i s  a p r e d i c a t e  t h a t  denotes 
p a i r s  o f  s e t s  o f  i n d i v i d u a l s :  
(38) [Er : the s i d e s  o f  r e c t a n q l e  l ( r ) I t E s a t h e  s i d e s  o f  r e c t a n q l e  2 ( s ) I  c r o s s ( r , s >  
For a r b i t r a r y  sets cl and c2, the  p r e d i c a t e  i s  t r u e  o f  them accord ing t o  the 
c o n d i t i o n  i n  (39):  
(39) 'cross(c 1' ( o r ,  ' s i des  o f  rec tang le-c ross-s ides  o f  
rec tang le(c l  ,!;?) i s  t r u e  i f f  the members o f  cl are the r i d e s  o f  
some r e c t a n q l e ,  and the members o f  c are the s ~ d e s  of some 
rec tang le ,  and some member o f  cl c r o f s e s  some member of c2. 
The even t - l og i ca l  a n a l y s i s  o f  (37) q u a n t i f i e s  over events t h a t  are 
c ~ o s s i n g s  o f  s ides  o f  r e c t a n q l e s  by s i d e s  o f  rec tang les .  Such an event e 
meets the c o n d i t i o n  i n  ( 401 ,  which shou ld  be compared w i t h  ( 3 9 ) :  
(40) ' c r o r r ( e ) '  ( o r ,  ' r i d e s  o f  rec tang le-c ross-s ides  o f  
rec tang le(e) ' )  i s  t r u e  i f f  r i n v o l v e s  the s i d e s  o f  some 
rec tang le ,  Rl, and e  i n v o l u r s  the s i d e s  o f  s m e  r e c t a n q l e  R 2 ,  and 
sane s ide  o f  R1 crosses some r i d e  of R2. 
i n s t e a d  o f  ( 3 8 ) ,  (37) has the a l t e r n a t i v e  analyses ( c f . ( 3 6 ) )  i n  (411: 
(41) a. Ee Ce's c rosse rs  are the s i d e s  o f  r e c t a n q l e  1  & c ross(e)  8 
e's crossed are the s i d e s  o f  r e c t a n q l e  2 ( e ) I  
b. E e t t t h e  s ides  o f  r e c t a n q l e i ( x ) l x  i s  a  c rosser  i n  e  8 cross(e1 & 
[ t h e  s i d e s  o f  r e c t a n q l e 2 ( y ) I y  i s  crossed i n  e l  
Reca l l  t h a t  events  are o b j e c t s  w i t h  i n t e r n a l  s t r u c t u r e .  The meaning o f  
'cross'  t o r ,  ' s i des  o f  rec tang le-c ross-s ides  o f  rec tanq le ' )  i n  (40) 
i d e n t i f i e s  what s t r u c t u r e  an event must have i f  i t  i s  an event o f  CI-.ossing. 
Accord ing t o  (411 ,  some event o f  c r o s s i n g  i n v o l v e s  the s ides  o f  r e c t a n g l e  1 
(as  the  c rossers)  and the  s i d e s  o f  r e c t a n g l e  2 (as  the  crossed). 
The formal  d i f f e r e n c e  between event l o g i c  and se t -denota t ive  l o q i c  i s  
apparent i n  (38) and (41) now t h a t  t he re  are two p l u r a l s .  The se t -denota t ive  
expression (38) c o n t a i n s  an atomic r e l a t i o n  between sets ,  ' c r o s s ( r , s ) " .  I n  
the euen t - l og i ca l  (411, events  are the  o n l y  set-1 i k e  o b j e c t s ,  and there  are 
no atomic r e l a t i o n s  among these. I n  se t -denota t ive  l o q i c ,  f o l l w i n q  s tandard  
assumption 0.1., there  i s  always a  po lyad ic  atomic r e l a t i o n  among as many 
s e t s  as there  are p l u r a l  NPs. Because o f  the ' t r i c k '  o f  event l o q i c ,  i t s  
atomic p r e d i c a t e s  have a  p lace f o r  o n l y  one s e t - l i k e  o b j e c t ,  the event ,  
whatever the number o f  arguments i n  the sentence. 
3.0. Ue t u r n  now t o  a system o f  l o g i c a l  forms t h a t  t r e a t s  those aspects o f  
p l u r a l s  (1.1-1.3) which cannot be represented w i t h i n  the s tandard  assumptions 
(0.1-0.3). We show f i r s t  how the th ree aspects o f  p l u r a l s  are t o  be t r e a t e d  
be fo re  proceedinq t o  a  more sys temat ic  d e s c r i p t i o n  o f  event l o g i c  i n  9ec. 
3.1. 
3.0.1.  The sum o f  p l u r a l s ,  
(3 )  a. Ten boys a t e  ten  p i e s  
b. The boys a te  the p i e s  
c .  They a t e  them 
(4)  a. Ten b o y s c a r r i e d  f i f t y  c a r t o n s  home 
b. The boys c a r r i e d  the ca r tons  home 
c. They carp i e d  them home ( + r u n  Carlson 1980) 
We have seen a sum o f  p l u r a l s  represented i n  (41) .  The sum of  p l u r a l s  
i n t e r p r e t a t i o n  f o r  (3a) i s  represented i n  (42) :  
(42) Ee Ce's e a t e r s  are  ten boys & ea t (e )  & e's eaten are ten p i e s 1  
A s  requ i red ,  n e i t h e r  p l u r a l  i s  i n  the scope of the o t h e r ,  and n o t h i n q  i s  s a i d  
about which boy a te  which p i e .  
3.0.2. Event-dependent q u a n t i f i e r s .  
(13) a. Few e x p e r t s  (ever )  agree 
b. Few Democrats (ever )  vo te  w i t h  the P res iden t  
c. Few good s tuden ts  are  (eve r )  unprepared 
d. Few advanced s tuden ts  (ever )  c o l l a b o r a t e d  on th ree problems 
(43) and (44) express the event-dependent i n t e r p r e t a t i o n  o f  the q u a n t i f i e r s  
i n  (13a) and (13d), r e s p e c t i v e l y :  
(43) Ae Iagree(e1 + e's agreers  are few exper t s1  
(44) AeI [co l labora te-on(e)  & e 's  co l labora ted-on are 3 problems(e) &I  
+ e's c o l l a b o r a t o r s  are few advanced s t u d e n t s ( e ) l  
The e s s e n t i a l  d i f f e r e n c e  between the i n t e r p r e t a t i o n s  o f  3.0.1 and 3.0.2 i s  
t h a t  an e x i s t e n t i a l  q u a n t i f i e r  b i n d s  the event v a r i a b l e  i n  the sum o f  
p l u r a l s ,  b u t  i n  event -dop~ndent  q u a n t i f i c a t i o n ,  the event v a r i a b l e  i s  bound 
by r u n i v e r s a l  o r  gener ic  q u a n t i f i e r .  (42) and (43)-(44) can be uiewed as 
t r a n s l a t i n g  r e s t r i c t e d  q u a n t i f i e r s  over events:  
(45) LEe; e a t ( @ )  & e's eaten are ten p i e s 1  e's e a t e r s  are ten boys 
(46) the: ag ree (e ) l  e's aqreers  are few e x p e r t s  
(47)  the; ~ ~ l l a b ~ r l t e - ~ n ( e )  h e'o co l labora ted-on are th roe prob lems(e) I  
Q'P c o l  1  abora to rs  are few advanced s tuden ts (@)  
The l o g i c a l  forms adopted have a  t ransparent  correspondence t o  s y n t a c t i c  
s t r u c t u r e :  the UP i s  a r e s t r i c t i o n  on the q u a n t i f i e r  over euents. Thus, ( 4 8 )  
and (49) are the l o g i c a l  forms f o r  the sum o f  p l u r a l s  and f o r  euent-dependent 
q u a n t i f i e r s ,  r e s p e c t i v e l y .  
(48) LEe: VP(e) l  INFL(e, NP) 
3.0.3. Q u a n t i f i c a t i o n  w i t h  c o l l e c t i v e  p r e d i c a t e s  
(101 a. The u n i o n i s t s  gather  i n  the square 
b. Ten composers c o l l a b o r a t e d  ( w i t h  each o t h e r )  
(11) a. Few u n i o n i s t s  gathered i n  the  square 
b ,  Few composers c o l l a b o r a t e  ( w i t h  each o t h e r )  
(50)  [The x: u n i o n i s t s ( x ) l  gather  i n  the square'(x1 
(91) [Few xr  composer ( x ) l  c o l l a b o r a t e ' ( x )  
T ~ Q  s o r t  of i n d i v i d u a l  q u a n t i f i e d  over i s  determined by the sub jec t  
q u a n t i f i - e r .  As we have seen i n  see. 3.0.1 and 3.0.2, when the UP r e s t r i c t s  
the sub jec t  q u a n t i f i e r ,  the  q u a n t i f i c a t i o n  i s  over i n d i v i d u a l  euents, and the 
NP i s  p a r t  o f  a p r e d i c a t e  t r u e  o f  an event j u s t  i n  case the event 's  
p a r t i c i c p a n t s  a re  e x a c t l y  NP. When an NP i s  the sub jec t  q u a n t i f i e r ,  the 
q u a n t i f i c a t i o n  i s  over i n d i v i d u a l  o b j e c t s ,  and now UP must be a  p r e d i c a t e  on 
i n d i v i d u a l  ob jec ts .  F o l l o w i n g  Kroch (1974), a  c o l l e c t i v e  p r e d i c a t e  becomes a 
p r e d i c a t e  on i n d i v i d u a l  o b j e c t s  ' V P ' ( X ) ~  so t h a t :  
(52)'VP'(c)' i s  t r u e  i f f  f o r  some event e i ,  c  i s  i nvo lved  i n  e i  and .VP(e)' i s  t r u e  
Thus, i n  the system t o  which (SOa) and (S la )  belonq,  a  UP t h a t  denotes events 
when i t  i s  a  sub jec t  w i l l  denote the p a r t i c i p a n t s  o f  such events when i t  i s  a  
p red ica te .  
Reca l l  t h a t  the  main ' t r i c k '  o f  event l o g i c  uses events t o  mediate the 
e x p r ~ s s i o n  o f  r e l a t i o n s .  Thus, the  i n t e r p r e t a t i o n  o f  (31) i n  (32) c o n s i s t s  
o f  s tatements about an event o f  s e l l i n g .  
(31) Three agents s o l d  twen ty - f i ve  b u i l d i n g s  t o  two inves to rs .  
(32) Ee t e  was a  s e l l i n q  & e's s e l l e r s  were th ree  agents 8 
e's s e l l e e s  were two i n v e s t o r s  & e's s o l d  were twen ty - f i ve  b u i l d i n g s . ]  
As we have assumed, every event concept,  such as the one p r e d i c a t e d  o f  9 i n  
'e i s  a  s e l l i n g m ,  d e f i n e s  the  i n t e r n a l  s t r u c t u r e  o f  i t s  denoted events: 
a c t i o n s  must be executed o r  s t a t e s  f u l f i l l e d  by p a r t i c i p a n t s  i n  v a r i o u s  
r o l e s .  What i s  represented by the s y n t a c t i c  ' s t r u c t u r e  o f  (31) i s  shown i n  
(53) .  S y n t a c t i c  s t r u c t u r e  assoc ia tes  the expressions o f  p a r t i c u l a r  r o l e s  
w i t h  p a r t i c u l a r  NPs. 
( S 3 ) s t s e l l e r t e ,  3  agents) y p t s e l l ( e )  so ld(e ,  25 b ldqs )  s e l l e c { e ,  2  i n v e s t o r s ) l l  
We are e s s e n t i a l l y  i d e n t i f y i n g  t h e t a  r o l e s  (Chomsky 1981) w i t h  elements i n  
Davidson's decomposit ion o f  p red ica tes ,  and so a  t h e t a  r o l e  always has a 
p lace  f o r  events. We w i l l  adopt a  n o t a t i o n  t h a t  i s  more t ransparent  f rom the 
p o i n t  o f  view o f  the  syntax,  i n  which p r e p o s i t i o n s  s tand  f o r  t h e t a  r o l e s .  
Hence, i ns tead  o f  (53) '  we have (54) :  
(S4)S[INFLte, 3 agents) V p l s e l l t e )  OF(e, 25 b u i l d i n g s )  t o ( c 4  2 i n v e s t o r s ) l l  
The general schema i s  i n  (551, where INFL, PZ,..,Pn s tand  f o r  expressions f o r  
t h e t a  r o l e s ,  and V  stands f o r  the expression o f  the event concept i t s e l f :  
(55) SIINFL(e,NPI) Vp[U(e) P  2 (e,NP2) Pn(e,NPn)l 
What f o l l o w s  i s  d i v i d e d  between r u l e s  d e r i v i n g  the  l o q i c a l  forms f o r  
s y n t a c t i c  s t r u c t u r e s  such as (55) and c lauses i n  the form o f  t r u t h  
d e f i n i t i o n s  t h a t  i n d i c a t e  how the l o q i c a l  forms are i n t e r p r e t e d .  Some 
techn ica l  aspects o f  the system are  proposed w i t h  g rea t  ~ e l u c t a n c e  but  f o r  
the sake o f  concreteness, i n c l u d i n g  the  d e c i s i o n  t o  suppress i n  the 
r e p r e s e n t a t i o n  o f  l o q i c a l  form some meaning d i f f e r e n c e s  t h a t  are in t roduced 
o n l y  i n  the i n t e r p r e t i n g  c lauses,  L a t e r  remarks w i l l  p o i n t  ou t  what I 
cons ider  t o  be the  impor tant  p r o p e r t i e s  o f  t h i s  system (see i n  p a r t i c u l a r  
sec. 3 .2 . ) ,  and i t  shou ld  be apparent i n  the  arguments o f  the f o l l o w i n q  
chapters  which aspects a rc  c r u c i a l  and which can be e l i m i n a t e d  i n  a l t e r n a t i v e  
fo rmu la t i ons .  
We w i l l  assume t h a t  there  i s  j u s t  one event v a r i a b l e  e ,  thus a v o i d i n g  
s y n t a c t i c  s t r u c t u r e s  i n  which the  t h e t a  r o l e s  have d i s t i n c t  event 
17 
var  i ab l  os : 
(56) SIINFL(ei ,NP1) uplV(e.) P  (e ,NPZ) Pn(e, ,NP,)I 
J 2 k  
I n  d e r i v i n g  l o g i c a l  forms f o r  s y n t a c t i c  s t r u c t u r e s ,  we a l s o  assume t h a t  
wel l - formed l o g i c a l  forms c o n t a i n  no f r e e  v a r i a b l e s .  I n  p a r t i c u l a r ,  event 
v a r i a b l e s  f r e e  i n  s y n t a c t i c  s t r u c t u r e s ,  as i n  (55) must come w i t h i n  the scope 
17. T h i s  assumption i s  q u i t e  n a t u r a l ,  I t  means t h a t  s y n t a c t i c  s t r u c t u r e  
arranges a  number o f  p r e d i c a t e s  t h a t  each have a  p lace  f o r  events-- j u s t  a 
s imple gap, t o  be f i l l e d  by the d e r i v a t i o n  o f  a  l o g i c a l  form, 
o f  a q u a n t i f i e r  over .events. 
The l o q i c a l  forms f o r  (55) correspond t o  va r ious  ways of  b i nd ing  the event 
var iab les .  Th i s  w i l l  inc lude the l o g i c a l  forms o f  simple scope r e l a t i o n s  
among NP q u a n i f i e r r ,  as i n  'two de tec t i ves  each solved two crimes." These 
q u a n t i f i e r s  over i nd i v i dua l  ob jec ts  t u r n  out  t o  be complex, " Q ( x , e > " ,  
q u a n t i f y i n g  s imul taneous l r  o u w  i nd i v i dua l  events. Our use o f  complex 
q u a n t i f i e r s  i s  j u s t i f i e d  i n  sec. 3 . 3 . ,  where i t  i s  shown tha t  i f  one 
assumes, as we have, a Davidsonian decomposition o f  the pred icate ,  complex 
q u a n t i f i e r s  are needed t o  avo id  anomalous i n te rp re ta t i ons .  
The l o g i c a l  forms f o r  (55) are obtained by q u a n t i f i e r  r a i s i n g  (see May 
1977): some phrase, an NP or  UP, i s  taken t o  be a r e s t r i c t e d  q u a n t i f i e r ,  A *  
i n  (571, and the remainder o f  the sentence corresponds t o  the pred icate  t e r m  
B 1 8 :  
(37) AnCQaAa: ... (a)] B(a) 
The three aspects o f  p l u r a l s  C1.1-1.3) correspond t o  r e s u l t i n g  l o q i c a l  forms, 
as i n  (59): 
18, The subject-object  asymmetry impl ied i n  r a i s i n q  the UP and no other 
phrases t ha t  inc lude the verb i s  t r ea ted  i n  Schein( in  progress).  See a l so  
Schein (1984) f o r  some discussion.  
For the purposes o f  t h i s  work, we cou ld  j u s t  as w e l l  assume tha t  i n  forming a 
q u a n t i f i e r  over events i n  (58) t c f .  (59a) and (99b) i n  the t ex t  below) any 
the ta  r o l e s  and t h e i r  NPs may belong t o  the r e s t r i c t i o n  on the event 
q u a n t i f i e r .  
(58) =IQe V(e1: Rite,NPi) ... R.Cr,NP.)I Stc. NP) J J 
There i s  then a separate quest ion,  which I take up elsewhere ( i n  proqress),  
about what cons t ra i n t s  syn tac t i c  s t r uc tu re  imposes on the i d e n t i t y  o f  a i n  
(58) and the choice o f  the ta  r o l e s  R i a  ... R .  and S. 
J 
(59) a. vptEe V(e):. . .(e) l  INFL(e,NP) the sum of  p l u r a l s  
b *  UP tAe V(e ) r . , . (e ) l  INFL(e,NP) event-dependent q u a n t i f i c a t i o n  
NP tQ(x,e)N(x):, . .(x) l  4(x,e) q u a n t i f i c a t i o n  over i nd i v i dua l  ob jec ts ,  
o f  which non-event-dependent q u a n t i f i c a t i o n  i s  a  spec ia l  case 
I n  (59a) and (59b), the q u a n t i f i e r  and i t s  r e s t r i c t i o n  correspond t o  UP, 
and the quan t f i e r  i s  e i t h e r  e x i s t e n t i a l  o r  u n i u ~ r s a l .  One can view the 
a1 t e rna t  ion be tween ex i s ten t i a1 and un i versa1 or  qener i c  as an aspec tua l  
choice made poss ib le  by the UP'S lack  of a  s p e c i f i e r ,  t ha t  i s ,  an i n t r i n s i c  
expression o f  quant i ty .19 I n  (99c),  the sub jec t  NP, supp ly ing an e x p l i c i t  
expression o f  quan t i t y ,  corresponds t o  the q u a n t i f i e r  and i t s  r e s t r i c t i o n  i n  
(57) . 
The f o l l o w i n g  examples i n  (60)  show var ious  l o g i c a l  forms der ived from (53)  
and t h e i r  intended i n t e r p r e t a t i o n .  Note t ha t  we assume the s t r u c t u r e  o f  UP 
i n  (S9a) and (59b) t o  con ta in  somethinq l i k e  a  r e l a t i v e . c l a u s e ,  which i s  an 
opaque domain f o r  q u a n t i f i e r  r a i s i n g .  The example i n  (61) shows one o f  the 
l o q i c a l  forms which w i l l  t u r n  out  t o  represent  Scha's (1981) cumulat ive 
q u a n t i f i c a t i o n  i n  (26) Cumulative q u a n t i f i c a t i o n  i s  discussed i n  an excursus 
i n  see. 3.2.1.: 
(60) a. yptEe s e l l ( e ) :  OFte.25 b ldgs)  to(e.2 i n v e s t o r s ) l  INFL(e, three aqents) 
(sum o f  p l u r a l s )  'Three agents s o l d  b u i l d i n q s  t o  inves to rs  a t  e, and 
agents s o l d  twenty- f iue  b u i l i d i n g s  t o  inves to rs  a t  e ,  and 
agents s o l d  b u i l d i n q s  t o  two inves to rs  a t  e.' 
19. Compare the behavior o f  i n d e f i n i t e s  which a l s o  a l t e r n a t e  between 
e x i s t e n t i a l  and un ive rsa l  o r  gener ic i n t e r p r e t a t i o n s :  
( i )  Dogs are  man's best  f r i e n d  
( i i )  Dogs ran  across the f r o n t  lawn 
See Carlson (1977). 
UP [Ae s e l l ( e ) :  OF(e,25 bu i l d i aqs )  to(e,2 i nues to r s ) l  INFL(e,three aqents) 
(event-dependent) 'Any event o f  s e l l i n q  i n  which twenty- f ive  b u i l i n q s  are s o l d  
and two inves to rs  are so l d  t o  has s e l l e r s  who are three agentsu 
NP [3(x,e) aqen t (x ) l  INFLte,x) s e l l ( e 1  OF(e, 25 bu i l d i ngs )  to te ,2  inuestors)  
'Three agents each s o l d  twenty- f ive  b u i l d i n q s  and s o l d  them t o  two inves to rs "  
'NP 13<x,e) a q n t ( x ) l  INFL(e,x) t s e l l ( e )  [25(~,e)bldq(r111OFte,r) to(e,2 i n u s t r s ) ] ]  
'Three aqents each s o l d  twenty- f ive  b u i l d i n g s  each t o  two investors '  
e  IEe sell(e>:C2S<y,e) b u i l d i n g ( y l l [ b F ( e , y )  to (e ,2  i n v e s t o r s ) l l  INFL(e, 3 aqents) 
'UP 
'Three aqents together s o l d  twenty- f ive  b u i l d i n q s  each t o  two investors"  
f .  125(y,e) b u i l d i n g ( y ) l  [INFL<e, 3 agents) L s e l l ( e )  OF(e,y) t o t e ,  2 i n v e s t o r s ) l l  
'Twenty-f ive b u i l d i n g s  were each s o l d  by three aqents and so l d  t o  two inves to rs "  
g. t25(y,e) b u i l d i n g ( ~ ) l  IC3<x,e) agent(x) I [ INFL(e,x)  I s e l l ( e )  OF(e,r) 
t o t e ,  2  i n v e s t o r s ~ l l l  
'Each o f  25 b u i l d i n g s  i s  such t ha t  3 agents each s o l d  i t  t o  2 investors"  
(61) 1500<x,e) Dutch f i r m ( x ) l  INFL(e,x) [buy 1600(y,e) Gn c m p u t e r ~ y ) l [ 0 f ( e , y ~ l l  
(cumulat ive q u a n t i f i c a t i o n )  'Exact ly  500 Dutch f i r m s  bought American computers, 
and exac t l y  600 Pmerican computers were bought by Dutch f i rms . '  
We t u r n  now t o  the i n t e r p r e t a t i o n  o f  the l o g i c a l  forms. We de f ine  when a 
l o g i c a l  form i s  t r ue  i n  a g iven context  o r  d m a i n  o f  events C. The s t r uc tu re  
o f  such a domain o f  events i s  discussed i n  sec. 3.4. For what f o l l ows ,  we 
need t o  p o i n t  out  t ha t  an event may i t s e l f  be a  dunain o f  euents, con ta in ing  
c o n s t i t u t e n t  subeuents. Consider the intended i n t e r p r e t a t i o n  o f  (60e).  Here 
there  i s  a  scope r e l a t i o n  between ' twen ty - f i ve  bu i l d i ngs '  and "two 
inves to rsm:  twenty- f ive  b u i l d i n g s  were each s o l d  t o  two investors .  Accordinq 
t o  (60e), t h i s  s t a t e  o f  a f f a i r s  was brought about by three aqents' s e l l i n q ;  
bu t  t h ~  i n t e r p r e t a t i o n  leaves open which aqents were respons ib le  f o r  which 
sales,  Thus, the m a t r i x  l o g i c a l  form o f  (60e) i s  t ha t  o f  a  sum of  p l u r a l s ,  
as i n  (59a): some event o f  s e l l i n g ' s  s e l l e r s  are three agents. As (60e) 
shows, the scope r e l a t i o n  between " t w e n t y - f i v e  b u i l d i n g s Y  and ' two inves to rsu  
e labora tes  the d e s c r i p t i o n  o f  t h a t  event o f  s e l l i n q ,  Since, the complex 
q u a n t i f i e r  "E25(y,e)t b u i l d i n g ( y ) l n  q u a n t i f i e s  over i n d i v i d u a l  o b j e c t s  and 
events,  t h a t  event o f  s e l l i n q  must i t s e l f  be composed o f  subevents o f  
s e l l i n g - - e x a c t l y  twenty- f i ve ,  one f o r  each b u i l d i n g ,  i n  which the b u i l d i n g  i s  
s o l d  t o  two inves to rs .  2  0 
I n  the c lauses i n  (64) i n t e r ~ r e t ! n q  the complex q u a n t i f i e r s  over i n d i v i d u a l  
o b j e c t s  and events,  we make use 0 4  a  p r i m i t i v e  semantic f u n c t i o n  " I ( x ,  c ) " :  
the  value o f  I ( x , c )  i s  what the i n d i v i d u a l  o b j e c t  x  d i d  i n  the con tex t  o f  
events  c. I t  i s  assumed t h a t  people have the c o g n i t i v e  a b i l i t y  t o  p i c k  out  
f rom a  dunain o f  events  what an i n d i v i d u a l  has done there .  What he has done 
may i t s e l f  meet the c o n d i t i o n s  d e f i n i n g  an event o f  some k i n d .  The 
i n t e r p r e t a t i o n  o f  a  complex q u a n t i f i e r  r e q u i r e s  t h a t  i t  do so. Thus, f o r  a  
domain o f  events C, the complex q u a n t i f i e r  " t three<x,e) :aqent(x) I '  i n  (68d) 
w i l l  r e q u i r e  t h a t  what each o f  th ree  agents d i d  i n  C i s  i t s e l f  an event o f  
s e l l i n g  twenty- f i ve  b u i l d i n g s  t o  two inues to rs .  
The c lauses i n  (64) t r e a t  a  number o f  d i f f e r e n t  i n t e r p r e t a t i o n s  as an 
ambigu i ty  i n  the  same l o g i c a l  form. A l t e r n a t i v e  t rea tments ,  e s p e c i a l l y  those 
t h a t  take i n t o  account how aspectual  markers and p a r t i c u l a r  l e x i c a l  i tems 
20. I n  sec. 3 .4 . ,  i t  w i l l  be seen t h a t  a  domain f o r  q u a n t i f i c a t i o n  over 
events c o n s i s t s  o f  d i s c r e t e  i n d i v i d u a l  events, none o f  which i s  p a r t  o f  
another event i n  t h a t  domain. T h i s  i s  no t  c o n t r a d i c t e d  by the d i scuss ion  
above. What i s  found the re  i s  a  n e s t i n g  o f  d i s t i n c t  domains. W i t h i n  each 
dunain no event i s  p a r t  o f  another .  Thus, none o f  the c o n s t i t u e n t  subevents 
o f  s e l l i n g  one b u i l d i n g  t o  two inves to rs ,  which be long t o  the domain o f  
events f o r  the q u a n t i f i e r  ' [ 2 5 < x , e ) : b u i l d i n q l n ,  belongs t o  the domain f o r  the 
q u a n t i f i e r  " tEe s e l l ( e ) : , . . l n  which inc ludes the m a t r i x  event o f  s e l l i n q  by 
th ree agents. 
s e l e c t  these i n t e r p r e t a t i o n s ,  might  c o n t a i n  disambiguated l o g i c a l  forms 
ins tead,  The f i r s t  two c lauses o f  (64) a l l o w  f o r  an aspectual ambigui ty  
d iscussed i n  sec. 5.2. ( t 4 a )  i s  about what an i n d i v i d u a l  d i d  throughout h i s  
h i s t o r y , ,  t h a t  i s ,  across  a l l  the events o f  the domain; and (64b) i s  about 
what he d i d  w i t h i n  some event.  The t h i r d  c lause o f  (64) i s  the spec ia l  case 
o f  q u a n t i f y i n g  over i n d i v i d u a l  o b j e c t s  and events t h a t  we have c a l l e d  
non-event-dependent q u a n t i f i c a t i o n .  The f o u r t h  c lause covers Scha's (1981) 
cumulat ive q u a n t i f i c a t i o n ,  d iscussed i n  sec. 2.4.1. and i n  sec. 3.2.1 
below. 
Three remarks on the n o t a t i o n .  F i r s t ,  the c lauses i n t e r p r e t i n g  complex 
q u a n t i f i e r s  have th ree  f a c t o r s :  the complex q u a n t i f i e r  "tQ<u,e) N ' I " ,  tiir 
t h e t a  r o l e  i t  b i n d s  i n t o  'R(a,e)', and the remainder o f  the sentence " 6 ( e ) ' .  
For the sake o f  ' i nve rse  scope" as i n  ( 6 0 f )  and (6091, the n o t a t i o n  " ( R ( e , a ) ;  
# ( e l n  a l l w s  the t h e t a  r o l e  t o  be ordered anywhere among the c o n s t i t u e n t s  o f  
the remainder. Second, a  va lue f o r  a  v a r i a b l e ,  e.g., q rep laces  i t  i n  " @ ( e l n  
j u s t  i n  case the v a r i a b l e  i s  f r e e  i n  ' # * .  Note t h a t  i n  (60d),  the v a r i a b l e s  
i n  'OF(e,y) to (e ,  2 i nves to rs ) '  a re  no t  f r e e  i n  the  fo rmulas  which are the 
scope o f  the m a t r i x  q u a n t i f i e r .  T h i r d ,  c lauses (621, (63 )  and ( 6 4 ~ )  on the 
r i g h t  s ide  o f  t h e i r  b i c o n d i t i o n a l s  a t t a c h  a s t e r i s k s  t o  fo rmulas .  (64)  and 
(65) are r e a l l y  schemas f o r  i n t e r p r e t i n q  fo rmulas  w i t h  and w i t h o u t  the 
a s t e r i s k .  Thus, fo rmulas  marked by the a s t e r i s k  have the i n t e p r e t a t i o n  i n  
(64) i n c l u d i n g  the c o n d i t i o n  w i t h i n  the  angled b racke ts  on the r i g h t  hand 
s ide ,  and fo rmulas  w i t h o u t  the a s t e r i s k  are i n t e r p r e t e d  w i t h o u t  t h i s  
c o n d i t i o n .  I n  (65)  and (64d l ,  fo rmulas  w i t h  and w i t h o u t  the a s t e r i s k  are 
i n t e r p r e t e d  i n  the  same way. The need f o r  t h i s  embarrassinq d e t a i l  i s  
exp la ined i n  the f o l l o w i n g  sec t i on .  
(62) 'ypCEe W e ) :  4 ( e ) l  r ( e ) '  i s  t r u e  i n  C i f f  f o r  some event E i n  C. 
"V(E)' i s  t r u e  i n  E, and '4(E)*' i s  t r u e  i n  E, and ' r (E ) '  i s  t r u e  i n  E. 
(63) 'bptAe V(e) :  P(e)1 r ( e ) '  i s  t r u e  i n  E  i f f  f o r  any euent E i n  C. 
i f  'U(Eja i s  t r u e  i n  E  and '@(E)*' i s  t r u e  i n  E. then ' r ( E ) '  i s  t r u e  i n  E. 
" tQ<x,e> N ' ( x ) l  (R(e,x); # ( e l ) < * > '  i s  t r u e  i n  C i f f  (64) a. NP 
Q Nf-many <and o n l y  Q N'-many) i n d i v i d u a l s  a are such 
t h a t  "R(I(a,C), a)' i s  t r u e  i n  I(a,C) and " # ( I ( a , C ) > "  i s  t r u e  i n  I ( a , C ) ,  
' tQ(x,e> N ' ( x ) l  (R(e,x); @(e) ) ( * ) '  i s  t r u e  i n  C i f f  b e  NP 
Q N'-many {and o n l y  Q N'-many) i n d i v i d u a l s  a  are  such t h a t  
f o r  some event E i n  C, 'R(I(a,E), a) '  i s  t r u e  i n  I (a,E)  and 
' 4 t I ( a , E ) l a  i s  t r u e  i n  I (a ,E) .  
c.  (non-eueot-dependent q u a n t i f i c a t i o n )  
tQ<x,e) N ' ( x ) l  (R(e,x); # ( e ) ) < * > "  i s  t r u e  i n  C i f f  NP 
Q N'-many {and o n l y  Q N'-many) i n d i v i d u a l s  q are such t h a t  
f o r  some event E i n  C and some i n d i v i d u a l s  A among which i s  a 
'R(E, A ) '  i s  t r u e  i n  E  and "4(E)*' i s  t r u e  i n  E. 
d . i .  (cumula t ive  q u a n t i f i c a t i o n  (Scha 1981)) 
" tQ<x,c) N ' ( x ) l  (R(e,x>; 4 ( e ) ) ( * ) "  i s  t r u e  i n  C i f f  NP 
'4(C)' i s  t r u e  i n  C and Q N'-many and o n l y  Q N'-many i n d i v i d u a l s  5 
are quch t h a t  "R(I(a,C),a)" i s  t r u e  i n  I (a ,C>.  
d . i i .  (cumula i iue  q u a n t i f i c a t i o n  w i t h  c o l l e c t i v e  p r e d i c a t e s )  
' tQ<x,e) N ' i x l l  (R(e,x);  @ ( e ) ) ( * ) "  i s  t r u e  i n  C i f f  NP 
'@(C) '  i s  t r u e  i n  C and Q NJ-many and o n l y  Q N'-many i n d i v i d u a l s  a 
a re  such t h a t  t he re  i s  sune event E  i n  C and some i n d i v i d u a l s  A 
among which i s  3 and 'R(E, A ) "  i s  t r u e  i n  E, 
(65) 'OI(E) ...@n(E)(*)' i s  t r u e  i n  E i f f  
'@l(E)' i s  t r u e  i n  E and...and '@n(E)' i s  t r u e  i n  E. 
(66) 'V(E)" i s  t rue i n  E i f f  E i s  an event of V-ing. 
(67) 'R(E, NP)' i s  t rue i n  E i f f  E's R-ers are NP, 
(68) 'R(E,a)" i s  t rue i n  E i f f  E's R-ers are a. 
I n  any l og i ca l  form such as (boa) and (60b), the i n te rp re ta t i on  of an 
expression l i k e  'INFL(e, three agents)', where the NP has remained i n  place, 
i s  as we have seen e a r l i e r  'e's s e l l e r s  are three agents'. I t  i s  an 
exhaustive descr ip t ion,  t rue of an event i f  and only i f  three agents and no 
others were i t s  s e l l e r s .  I t  i s  easy t o  show that  the descr ip t ion must be 
exhaustiwe. We cannot a l low " three agents were s e l l e r s  i n  e . "  Suppose t o  
the contrary that  the expressions 'R(e,NP)' could be so in te rpre ted  and 
cons id i r  i t s  e f f e c t  on the i n te rp re ta t i on  of  the l og i ca l  form in  (69),  
r e p r ~ s e n t i n q  the sum of p l u r a l s  i n te rp re ta t i on  of  (70): 
(70) The three agents so ld  the three bu i l d ings  
(69) CEe s e l l ( e ) t  OF(e, the three bu i l d inqs ) ]  INFL(e, the three agents) 
If "INFL(e, the three agents)' and 'OF(e, the three bu i ld ings) '  i s  so 
in terpreted,  (69) would al low the three agents t o  be involved i n  the event 
w i t h  others and, s i m i l a r l y ,  the three bu i l d ings  t o  be involved i n  the event 
w i t h  others. But, i n  not excluding other agents and other bu i ld inqs ,  (69) 
assigns f a u l t y  t r u t h  condi t ions t o  (70). The t r u t h  condi t ions would be 
s a t i s f i e d  i n  a s i t u a t i o n  where the three agents so ld  only bu i ld ings  other 
than the three and the three bu i l d ings  were so ld  only by agents other than 
the three; but,  sentence (70) i s  f a l se  i n  t h i s  s i t u a t i o n .  To be ce r ta in  that  
the selling of the three bu i l d ings  i s  by the three aqents, we must requi re as 
i n  (67) t h a t  o the r  p a r t i c i p a n t s  are excluded. 2  1 
Now r e c a l l  the l o q i c a l  form i n  (doe): 
tEe s e 1 l t e ) z t t h e  2S<y,e) b l d g ( ~ ) l C O F ( e , y )  to(e,2 i n u s t r s ~ l l  INFL(e, the 3 aqts)  
'The th ree aqents toqether  s o l d  the twenty- f iue  b u i l d i n q s  each t o  two inues to rs "  
An event t h a t  s a t i s f i e s  i t s  i n t e r p r e t a t i o n  i s  one i n  which the twen ty - f i ve  
b u i l d i n q s  were each s o l d  t o  two i n v e s t o r s  and whose s e l l e r s  are the three 
agents. The i n t e r p r e t a t i o n  o f  'INFL(e, t h ree  agents)"  accord ing t o  (67) w i l l  
c o r r e c t l y  r e q u i r e  t h a t  th ree agents are the o n l y  s e l l e r s  i n  the event:  bu t  
n o t h i n g  ye t  s a i d  about the i n t e r p r e t a t i o n  o f  complex q u a n t i f i e r s  w i l l  r e q u i r e  
there  t o  be o n l y  twon ty - f i ve  b u i l d i n q s ,  a l though the need f o r  t h i s  
requirement i s  the  same. Suppose t h a t  the r e s t r i c t i o n  on the q u a n t i f i e r  i n  
(60e) were t r u e  o f  any event t h a t  conta ined at l e a s t  the twen ty - f i ue  
b u i l d i n q s  each o f  which i s  s o l d  t o  two inves to rs .  Then, the (60e) i s  t r u e  i f  
the s e l l e r s  o f  one such event a re  three agents. (60e) would be t r u e  o f  a 
s i t u a t i o n  i n  which the  th ree  aqents s o l d  b u i l d i n q s  t o  i nves to rs ,  bu t  j u s t  one 
o f  them, w i t h o u t  i n v o l v i n g  i n  any way the o the r  two, s o l d  the twen ty - f i ve  
21, I t  would a t  f i r s t  appear t h a t  the i n t e r p r e t a t i o n  i n  ( i i )  o f  any syrmnetric 
p r e d i c a t e  ( i )  i s  f a l s e :  
( i )  The boys met the g i r l s  
( i  i )  [Ee meet(e): OF(e, the  g i r l s ) ]  INFL(e, the boys) 
The boys and the g i r l s  d i d  the same t h i n g ,  and ( i i )  appears t o  r e q u i r e  o f  any 
event t h a t  would c o n f i r m  i t  t h a t  a l l  those who met are the boys and a l l  those 
who met are  the g i r l s .  I t  shows ins tead  t h a t  an event con f i rms  ( i i )  under a  
p a r t i c u l a r  d e s c r i p t i o n - -  one t h a t  d i v i d e s  i t s  p a r t i c i p a n t s  i n t o  meeters and 
met. Since the p r e d i c a t e  i s  symmetric, the meeters and the met do i n  f a c t  do 
the  same t h i n g ,  and t h e r e f o r e  any event t h a t  con f i rms  t i i )  under one 
d e s c r i p t i o n  w i l l  a l s o  c o n f i r m  ( i i i )  under another :  
( i i i )  The g i r l s  met the boys 
b u i l d i n g s .  The i n t e r p r e t a t i o n  would f a i l  t o  r e q u i r e  t h a t  the th ree aqents' 
s e l l i n g  was of the twenty- f iue  b u i l d i n g s .  we w i l l  t h e r e f o r e  a l s o  want the 
i n t e r p r e t a t i o n  of the complex q u a n t i f i e r  '125(yle) b u i l d i n g ( y ) l "  i n  ( M e )  t o  
r e q u i r e  the event t o  be one i n  which e x a c t l y  twen ty - f i ue  b u i l d i n g s  were each 
s o l d  t o  two inves to rs .  I t  t o o  shou ld  be an exhaust ive  d e s c r i p t i o n  o f  the 
euent.  Note t h a t  we cannot s imply  assume a  complex q u a n t i f i e r  t o  always have 
t h i s  i n t e r p r e t a t i o n ,  o therwise  (60d), f o r  example, would always mean t h a t  
th ree any o n l y  th ree  agents each s o l d  twen ty - f i ve  and o n l y  twen ty - f i ve  
b u i l d i n g s  each t o  two inves to rs .  We have used the a s t e r i s k s  t o  mark those 
c o n t e x t s  t h a t  r e q u i r e  the e x c l u s i v e  i n t e r p r e t a t i o n .  
A NP t h a t  has moved as i n  ( 6 0 ~ )  t o  become a  complex q u a n t i f i e r  over 
i n d i v i d u a l  o b j e c t s  and events  b i n d s  i n t o  a  t h e t a  r o l e  expression,  such as 
'INFL(e,x)', whose i n t e r p r e t a t i o n  accord ing t o  (68) exhausts the event e's 
p a r t i c i p a n t s  i n  t h a t  r o l e .  Thus, i f  the  va lue o f  8 i n  ( 6 0 ~ )  i s  an i n d i v i d u a l  
'himm, the i n t e r p r e t a t i o n  o f  the t h e t a  r o l e  i s  'e's s e l l e r s  are him". T h i s  
i s  necessary t o  a c c m o d a t e  f a m i l i a r  scope i n t e r a c t i o n s .  (71)  i s  no t  
s a t i s f i e d  i f  there  i s  an event o f  s o l v i n g  two cr imes i n  which two d e t e c t i v e s  
p a r t i c i p a t e d  b u t  f a i l e d  t o  each so lve  two cr imes:  
(71) Two d e t e c t i v e s  each so lved  two cr imes 
(72) [ t w o ~ x , e ) t d e t e c t i u e ~ x ) l  INFL(elx) lso-lue(e) OF(e, two cr imes11 
But ,  such an euent would s a t i s f y  the  i n t e r p r e t a t i o n  represented by ( 72 )  i f  
' I N F L ( ~ , X ) ~  wore t o  be i n t e r p r e t e d  as 'x i s  a  s e l l e r  i n  e , "  
(641) and (64b) i n  c o n j u n c t i o n  w i t h  the  i n t e r p r e t a t i o n  i n  (68 )  o f  t h e t a  
r o l e  expressions has tho e f f e c t  t h a t  q u a n t i f y i n g  over i n d i v i d u a l s  i n  the 
f a m i l i a r  scope i n t e r p r e t a t i o n s  i s  q u a n t i f y i n g  over i n d i v i d u a l s  each o f  whom 
has h i s  own (sublevent gi i n  which he i s  the only one i n  h i s  r o l e .  Thus the 
- 
in te rp re ta t i on  o f  (71) w i t h  the scope r e l a t i o n  shown i n  (72) i s  t rue j u s t  i n  
case there are subevents, each a so l v i ng  of  two crimes by one of the two 
detect ives,  that  are d i s j o i n t .  I t  excludes i n  p a r t i c u l a r  the fo l low ing .  
Suppose tha t  E i n  (73) below i s  an event i n  the given context i n  which the 
two d i s t i n c t  detect ives shawn each solve two crimes. We may even l e t  them 
solve the same crimes so tha t  E i s  i t s e l f  an event of so l v i ng  two crimes. 
The i n te rp re ta t i on  of  (71) represented by (72) i s  c e r t a i n l y  t rue i n  (73). 
But, i t s  t r u t h  f o l l ows  from the sentences i n  (74) about the d i s j o i n t  
subevents l(dl,E) and I(dq,E): 
(73) 
(74) INFL(l(dl,E), dl) solue(I(dl,E)) OF(I(dl,E), 2  crimes); 
INFL(I(d2,E), d2) solve(I(d2,E))  OF11td2,E), 2 crimes) 
(75) INFL(E, dl) solve(E) OF(€, 2 crimes); 
INFL(E, d2) solve(E) OF(€, 2 crimes) 
Although E  i s  an event i n  which the two de tec t i ves  each solved two crimes, 
the sentences i n  (79) are fa l se ,  since ne i ther  detect ive d  nor detect ive d  1  2  
i s  the only solver i n  E. 
An important  and c h a r a c t e r i s t i c  f e a t u r e  o f  event l o q i c  i s  the way i n  which 
the  expression o f  an NP's t h e t a  r o l e  assoc ia tes  w i t h  the  NP. I n  the l o q i c a l  
forms f o r  the sum o f  p l u r a l s  and event-dependent q u a n t i f i c a t i o n  i n  (59a> and 
(S9b), the t h e t a  r o l e  assiqned t o  NP, 'INFL(e,NP)" i s  d i s s o c i a t e d  f rom the 
q u a n t i f i e r  over events UP. The r e s t r i c t i o n  on the q u a n t i f i e r  over events 
c o n t a i n s  no argument p lace  bound by NP. S i m i l a r l y ,  when i n t e r p r e t i n g  a  
complex q u a n t i f i e r  NP accord ing t o  (641, the t h e t a  r o l e  i t  b i n d s  i n t o  i s  
d i s s o c i a t e d  f rom the remainder o f  the sentence, which again has no argument 
p lace  bound by  the  NP. The l o g i c a l  forms f o r  the  sum o f  p l u r a l s  and 
event-dependent i n t e r p r e t a t i o n s  o f  (31) are  paraphrased' i n  (76) and (77) :  
( 7 6 )  Some event o f  s e l l i n g  i n  which i t s  s o l d  are twen ty - f i ve  b u i l d i n g s  and 
i t s  s e l l e e s  are  two i n v e s t o r s  i s  such t h a t  i t s  s e l l e r s  are th ree agents. 
(77) Any event o f  s e l l i n g  i n  which i t s  s o l d  are  twen ty - f i ve  b u i l d i n g s  and 
i t s  s e l l e e s  a re  two i n v e s t o r s  i s  such t h a t  i t s  s e l l e r s  are th ree  agents. 
And r paraphrase o f  event l o g i c ' s  non-event-dependent i n t e r p r e t a t i o n  o f  ( ! l a )  
(11) c. Few u n i o n i s t s  ga thered i n  the square 
(78) Few u n i o n i s t s  a re  g a t h e r ~ r s  i n  any event o+ g a t h e r i n g  i n  the square. 
(by ( 6 4 ~ ) )  
Note t h a t  the  r e s t r i c t i o n  on the  event q u a n t i f i e r  c o n t a i n s  no argument p lace 
f o r  any NP t ha t  i t  does no t  conta in .22 One can come t o  see t h i s  d i s s o c i a t i o n  
o f  an NP's t he ta  r o l e  from the remainder o f  the sentence "9 (e ) "  i n  (62)-(64) 
as one way t o  r e a l i z e  Le ibn iz ' s  view o f  p red i ca t i on .  Accordinq t o  
S m e r s ( 1 9 8 2 ) ,  Le i bn i z  t r e a t e d  any po lyad ic  sentence as a nes t i ng  o f  monadic 
p red ica t ions .  Thus, the sentence " P a r i s  l oves  Helen' has the l o q i c a l  form 
'Par i s  loues, and eo i ~ s o  Helen i s  loued.' The main " t r i c k "  o f  event l o g i c ,  
i t s  use o f  the va r i ab l e  over events, i n  a  sense fo rma l i zes  Le ibn iz ' s  'e-q 
inso' . Le ibn iz ' s  l o g i c a l  form does no t  con ta in  a  r e l a t i o n  between 
i nd i v i dua l  ob j ec t s  'L(x,yIm ( o r ,  'L(x,y,e)'). Note i n  p a r t i c u l a r  tha t  the 
conjunct  'eo ioso Helen i s  loued' con ta ins  no t he ta  r o l e  or  argument p lace 
assigned t o  'Par is '  o r  t o  a  va r i ab l e  bound by "Par i s ' .  The the ta  r o l e  
assigned t o  'Paris ' ,  u i z .  ' loues ( i n  e l ' ,  i s  not  p a r t  o f  the remainder o f  
the sentence. 
T h i s  con t ras t s  w i t h  the syntax o f  se t -denota t iue l o q i c .  As we have seen, 
i t  assumes t h a t  the NPs o f  a  simple sentence are a l l  r e l a t e d  t o  arqument 
p o s i t i o n s  i n  an atomic and po lyad ic  p red ica te .  The uerb, wherever i t  occurs 
i n  l o g i c a l  form, must appear w i t h  i t s  f u l l  valence o f  t he ta  r o l e s  o r  arqument 
pos i t i ons .  T h i s  syn tac t i c  aspect o f  se t -denota t iue l o q i c  w i l l  remain a 
d e f i n i n g  c h a r a c t e r i s t i c ,  a l though we w i l l  consider a l t e r n a t i v e  vers ions o f  
22. Reca l l  from sec. 2.4.2 t ha t  we a l l ow  the verb t o  stand as an 
abbrev ia t ion  f o r  a  canplex p red ica te ,  paraphrased b e t t e r  by (76 ' ) - (78 ' ) :  
(76') Same event o f  agents s e l l i n g  bu i ld ings . . .  
(77') Any event o f  agents s e l l i n g  bu i ld ings . . .  
(78') Few u n i o n i s t s  are gatherers  i n  any event o f  u n i o n i s t s  
ga ther ing  i n  the square. 
I n  (78 ' ) ,  f o r  example, " un i on i s t s '  i n  ' un i on i s t s  qather inq.  ..' i s  however 
no t  an argument p o s i t i o n  bound i n t o  byathe NP 'few u n i o n i s t s n .  
set -denota t ive  l o g i c  t h a t  are more l i k e  event l o g i c  i n  o ther  respects .  I n  
chapter  6, f o r  example, we w i l l  cons ider  an a l t e r n a t i v e  se t -deno ta t i ve  l o q i c  
t h a t  a d n i t s  events and a  Davidsonian decomposit ion o f  po l yad ic  verbs i n  the 
l e x i c o n  (5u t  no t  i n  l o q i c a l  form).  I n  t h i s  a l t e r n a t i v e ,  q u a n t i f i c a t i o n  
i n v o l v e s  v a r i a b l e s  over se ts ,  xi, and u a r i a b l e s  over events,  e .  The l o g i c a l  
- 
form o f  any s imple  sentence c o n t a i n s  a  p r e f i x  o f  q u a n t i f i e r s  over s e t s  and 
events  and a po lyad ic  atomic p red ica te :  
Except f o r  q u a n t i f y i n g  over events, the l o g i c a l  syntax i s  as before .  
Davidsonian decomposit ion comes i n  o n l y  t o  regiment  how we then i n t e r p r e t  the 
atomic p o l y a d i c  sentences. That  i s ,  f o r  every l e x i c a l  verb,  there  i s  an 
event concept 'V'(e)' and t h e t a  r o l e s  'Ri(xi,e)',..., 'R.(x , e l a  which J j 
determine the t r u t h  c o n d i t i o n s  f o r  the po l  yadic a t m i c  sentences: 
(80) 'V(ci  ,,.., e ,... c 1' i s  t r u e  i f f  V'(e) and R i ( c i  ,e) and.. .and R . (c  , e l  j J j 
I f  we were t o  rep lace  'Urn i n  ( 7 9 )  by i t s  c o l l e c t i o n  o f  event concept and 
t h e t a  r o l e s ,  the  l o q i c a l  form o f  every s imple  sentence would be equ iva len t  Po 
(81): 
(81) NPixi . . .Ee,. .NP.x. (U'(e) & R i  ( x i  ,e) 4.. .&R.(x ,e)) 
J J  J j 
Note however t h a t  a  se t -deno ta t i ve  l o g i c a l  form does not have separable 
expressions f o r  the  t h e t a  r o l e s  and the event concept whatever the meaning o f  
i t s  p r e d i c a t e  may be, I t  has o n l y  the  atomic and po lyad ic  p r e d i c a t e  
"U(X~ , . . , ,~ , . .~X  1' , which, wherever i t  occurs,  expresses the event concept j 
and pll the t h e t a  r o l e s m  I n  c o n t r a s t  t o  the event l o q i c ' s  '4(e) '  i n  
(62)-(64) ,  the i n t e r p r e t a t i o n  o f  a  se t -deno ta t i ve  Toqical  form never uses a  
fo rmula  t h a t  c o n t a i n s  the  express ion o f  an event concept w i t h  l e s s  than i t s  
f u l l  valence. I n  i n t e r p r e t i n g  a  sentence, any (sub)formula tha t  contains 'V' 
must conta in  a  place f o r  every NP i n  the sentence. 
A l l  set-denotat ive l o g i c s  demonstrate t h i s  proper ty ;  but  i t  i s  best t o  
compare the a l t e r n a t i v e  from chapter 6 t o  event l o q i c  because i t  i s  s i m i l a r  
t o  event l o g i c  i n  the other respects noted. So compare the paraphrases of  
the set-denotat ive l o g i c a l  forms i n  (821, (83) and (84) w i t h  the event 
log ic ' s  (76)-(78) : 
(82) Three agents are such tha t  there i s  some event of s e l l i n g  i n  which 
i t s  s e l l e r s  are them and i t s  so ld  are twenty-f ive b u i l d i ~ ~ g s  
and i t s  se l l ees  are two investors.  
(83) For any set  o f  i nd i v i dua l s ,  i f  there i s  sane event o f  s e l l i n g  
i n  which i t s  s e l l e r s  are them and i t s  so ld  are twenty- f ive bu i l d i ngs  
and i t s  se l l ees  are two investors,  they are two agents. 
(85) Few u n i o n i s t s  are i n  any set  o f  i nd i v i dua l s  f o r  which 
there i s  an event o f  gather ing i n  the square i n  which the gatherers are them. 
I n  these paraphrases, the r e l a t i v e  clauses r e s t r i c t i n g  events 'event of 
s e l l i n g  i n  which...' conta in  places f o r  every NP i n  the sentence (31). 
These are bound e i t h e r  w i t h i n  the r e l a t i v e  clause ( ' twenty- f ive bu i l d i ngs "  
and 'two investors') or  from outs ide ('them'). We never f i n d  i n  the 
set-denotat ive l o g i c  t ha t  a  the ta  r o l e  i s  i n  a  sense subtracted from the 
clause r e s t r i c t i n g  events when tha t  clause does not conta in  the the ta  r o l e ' s  
NP. We never f i n d  descr ip t ions  such as 'events o f  s e l l i n q  twenty- f iue 
b u i l d i n q s  t o  two investorsa tha t  are i n d i f f e r e n t  t o  who the s e l l e r s  are. 23 
We 'argue i n  chapter 6 f o r  the syntax o f  event l o g i c .  
23. A c c m o d a t i n g  the contextual  dependence o f  the verb discussed i n  sec. 
2.4.2. ,  the descr ip t ions  should be paraphrased as 'events o f  agents s e l l i n g  
twenty- f ive b u i l d i n q s  t o  two inves to rsa .  The descr ip t ion  i s  i n d i f f e r e n t  t o  
h w  many and who the agents are. 
3.2.1 Excursus: cumula t ive  q u a n t i f i c a t i o n  
The cumula t ive  q u a n t i f i c a t i o n  o f  (26) i s  t r u e  i f  and o n l y  i f  e x a c t l y  500 
Dutch f i r m s  bought American computers and e x a c t l y  600 American computers were 
bouqht by h e r i c a n  f i r m s .  
(261 500 Dutch f i r m s  bought 600 American computers 
Cumulat ive q u a n t i f i c a t i o n  i s  d e r i v e d  f rom the l o q i c a l  form i n  (61)  when a t  
l e a s t  the f i r s t  q u a n t i f i e r  i s  i n t e r p r e t e d  accord ing t o  (64d). T h i s  i s  so 
p rov ided  t h a t  the event concept and i t s  t h e t a  r801es are complex i n  the sense 
o f  sec. 2.4.2. Hence, 'INFL(e,x)" i n  (61) has the  i n t e r p r e t a t i o n  'e's 
h e r i c a n  c m p u t e r  buyers are  xu  r a t h e r  than the  s imple "e's buyers are x u .  
I n t e r p r e t i n g  the  f i r s t  q u a n t i f i e r  accord ing t o  (64d) then g i v e s  
" [ 6 0 0 ( y , e > h e r i c a n  computer (y ) l  buy OF(e,y)" i s  t r u e  i n ' C  and e x a c t l y  500 
Dutch f i r m s  are  American computer buyers  i n  C .  
The c lauses i n  (64d) app ly  t o  o the r  c lasses  o f  q u a n t i f i e r s  as w e l l .  They 
w i l l ,  f o r  example, d e r i v e  f rom the decreasing q u a n t i f i e r s  t h a t  i n t e r p r e t a t i o n  
o f  nobody l o v e s  nobody t h a t  means nobody loves ,  and nobody i s  loved.  From 
two men l o v e  no women, i t  w i l l  d e r i v e  the c o n t r a d i c t o r y  i n t e r p r e t a t i o n  t h a t  
exact  1  y two men 1  ove women and no women are  1  oved by men. An en t i re1 y  
p a r a l l e l  d e r i v a t i o n  ass igns  t o  two men love  no more than ten  women the 
non-cont rad ic tory  i n t e r p r e t a t i o n  t h a t  e x a c t l y  two men love  women and no more 
than ten  women are  1  oved by men. 
I f  (64d) i s  the  c o r r e c t  t reatment  o f  cumula t ive  q u a n t i f i c a t i o n ,  i t  suggests 
the f o l l o w i n g  r e v i s i o n  i n  how we view the  complex atomic p r e d i c a t e  c o n s i s t i n g  
o f  the event concept and i t s  t he ta  r o l e s .  
(86) no one a r r i v e d  
Note t ha t  (86) does no t  have the con t rad i c t o r y  i n t e r p r e t a t i o n  tha t  
'arr iue(C) '  i s  t r ue  i n  C and no one i s  an a r r i v e r  i n  C,  which (64d) would 
der i ve  from the l o g i c a l  form i n  (87): 
(87) [no<x,e):person(x)l  INFL(e,x) a r r i v e ( e 1  
The lack  o f  the con t rad i c t o r y  i n t e r p r e t a t i o n  when there  i s  on ly  one 
q u a n t i f i e r  suggests t ha t  the verb  i n  s t r u c t u r e s  such as (87) should not  stand 
by i t s e l f  as a  p red ica te  on events. (64d) would no t  de r i ve  the con t rad i c t o r y  
i n t e r p r e t a t i o n  from (88) where the verb  does no t  prov ide a  p o s i t i o n  f o r  
events: 
(88) tno<x,e):person(x)l  1NFL-arrive(e,x) 
The l o g i c a l  s t r u c t u r e  o f  the i n t r a n s i t i v e  cons i s t s  o f  j u s t  the complex t he ta  
r o l e .  No in fo rmat ion  i s  l o s t ,  s ince i t  must be the case t ha t  e's a r r i v e r s  
are x  on ly  i f  e  i s  i t s e l f  an a r r i v i n g .  But, i n t e r p r e t i n g  (88) according t o  
(64d) has on l y  the i n t e r p r e t a t i o n  t ha t  no one i s  an a r r i v e r  i n  C, w i thou t  
con t rad i c t  ion. 
Cumulative q u a n t i f i c a t i o n  i n  sentences w i t h  more than one q u a n t i f i e r  
proceeds as before .  The verb  i n  (61) appears w i t hou t  an event va r i ab l e .  In 
the s t y l e  o f  (88), we might  render i t  as i n  (89) .  
(61) t500<x,e) Dutch f i r m ( x ) l  INFL(e,x) [buy 1600<y,e> Am c o m p u t e r ~ y ) I ~ O F ~ e , y ) 1 3  
(89) [500<x,e) Dutch f i r m ( x ) l  INFL-buy(e,x) [600<r,e) Am c m p t r ( ~ ) l l b u ~ - 0 F ~ e , y ) 3 3  
App l ied  t o  the f i r s t  q u a n t i f i e r ,  (64d) de r i ves  t h a t  exac t l y  500 Dutch f i r m s  
bought h e r i c a n  computers i n  C, and 't600(y,e) Am cmptr(y)l[bu~-0F(e,~)Il' i s  
t r u e  i n  C, which i s  i n  t u r n  i n t e r p r e t e d  as say ing  t h a t  e x a c t l y  600 American 
computers are bought by Dutch f i fms  i n  C. 
(90) No one bought American computers 
Again supposing (64d) t o  be c o r r e c t ,  the  l ack  o f  a  c o n t r a d i c t o r y  
i n t e r p r e t a t i o n  f o r  (90) shows i n  a  way p a r a l l e l  t o  the d i scuss ion  o f  (86) 
t h a t  the l o g i c a l  form o f  (90) must be i n t r a n s i t i v e :  "American computersm i s  
no t  q u a n t i f i c a t i o n a l ,  c o n t r i b u t i n g  o n l y  t o  the fo rma t ion  o f  the u n d e r l y i n g  
event concept and the  complex t h e t a  r o l e  t h a t  appears o v e r t l y  i n  ( 9 1 ) .  
(91) Ino<x,e>:person(x) I  INFL-buy-herican computers(e,x) 
We are  f r e e  t o  r e v i s e  a l l  t h@ l o g i c a l  forms so t h a t  the event concept i s  
no t  d i r e c t l y  p r e d i c a t e d  o f  an event ,  except f o r  l o g i c a l  forms i n  which the 
verb  heads a  q u a n t i f i e r  over events. I t  i s  c r u c i a l  f o r  the event-dependent 
i n t e r p r e t a t i o n s  (59b) o f  sentences w i t h  j u s t  one NP t h a t  the verb  p rov ide  a 
b indab le  p o s i t i o n  i n  the  r e s t r i c t i o n  on the  event q u a n t i f i e r .  Consider, f o r  
example, the event-dependent i n t e r p r e t a t i o n  o f  no more t h a k  two exper t s  
(eve r )  asree, accord ing t o  which any agreement c o n s i s t s  o f  no more than two 
exper ts .  We w i l l  however f o r  convenience keep the verb 's  event v a r i a b l e  i n  
a l l  l o g i c a l  forms t h a t  do n o t  rep resen t  cumula t ive  q u a n t i f i c a t i o n .  
A shortcoming o f  t h i s  approach t o  cumula t ive  q u a n t i f i c a t i o n  i s  t h a t ,  l i k e  
Scha's compound numer icals,  i t  does n o t  a s s i m i l a t e  cumula t ive  q u a n t i f i c a t i o n  
and the sum o f  p l u r a l s .  F a i l i n g  t h i s ,  I have no o b j e c t i o n  t o  Scha's spec ia l  
use o f  n-ary q u a n t i f i e r s  f o r  cumula t ive  q u a n t i f i c a t i o n  p rov ided  t h a t  
p r e d i c a t e s  i n  the scope o f  such n-ary q u a n t i f i e r s  are  t r e a t e d  l i k e  those i n  
event l o g i c  i n  the  c r u c i a l  respec ts  d iscussed i n  sec 3.2., showing a  
Davidronian decomposit ion and separa t i ng  the t h e t a  r o l e s  from the remainder 
t rue  i n  C i f f  "@(C>' i s  t rue  i n  C, and 
exac t l y  500 Dutch f i r m s  5 are such tha t  'R(l(a,C>, a) '  i s  t r u ~  i n  I ta,C),  and 
exac t l y  600 Am. computers b are such tha t  'S<I(b,C), b)'  i s  t rue  i n  I (b,C).  
In t roduc ing  n-ary q u a n t i f i e r s  cou ld  accomodate whatever co-occurrence 
r e s t r i c t i o n s  there are on the cons t i tuen ts  of a  cumulative quan t i f i ca t i on .  
N-ary q u a n t i f i e r s  would a l so  r e s u l t  i n  a d i f f e r e n t  mapping between the 
syn tac t i c  s t r uc tu res  o f  l o g i c a l  forms and p a r t i c u l a r  types of  
in te rp re ta t ions- -  one c loser  t o  tha t  o f  May (1985). 
Ass im i l a t i ng  the sum of p l u r a l s  and cumulative q u a n t i f i c a t i o n ,  one would 
have l i k e d  t o  analyze (92)'s sum of  p l u r a l s  as ( 9 3 1 ,  and (94)'s cumulative 
q u a n t i f i c a t i o n  as (951: 
(92) The two de tec t i ves  solved the two crimes 
(93) The two de tec t i ves  solved crimes there,  and 
there de tec t i ves  solved the two crimes. 
(94) No more than two de tec t i ves  solved no more than two crimes 
( 9 5 )  No more than two de tec t i ves  solved crimes there,  and 
there de tec t i ves  solved no more than two crimes. 
The reference of the demonstrative there i s  however d i f f e r e n t  i n  the two 
cases. For the sum o f  p l u r a l s ,  both occurrences i n  (93) must r e f e r  t o  some 
one event i n  the context  o f  events. Were there t o  r e f e r  t o  the context 
i t s e l f ,  (93) would mean tha t  the two de tec t i ves  solved crimes somewhere i n  
t ha t  context ,  and somewhere i n  there de tec t i ves  solved the two crimes, I t  
does not  mean tha t  the two de tec t i ves  solved the two crimes, unless there 
r e f e r s  i n  bo th  con junc ts  t o  the same euent. For cumula t ive  q u a n t i f i c a t i o n  i n  
(951, the re  must r e f e r  t o  the con tex t  i t s e l f ,  s ince cumulat ive q u a n t i f i c a t i o n  
p u t s  an upper bound on whatever happened. Reference t o  an i n d i v i d u a l  event 
would r e s u l t  i n  the much weaker i n t e r p r e t a t i o n  t h a t  there  i s  some event i n  
which no more than two d e t e c t i v e s  so l ved  no more than two cr imes.  
I t  i s  c l e a r  t h a t  cumula t ive  q u a n t i f i c a t i o n  i s  n o t  t o  be a s s i m i l a t e d  t o  the 
p a t t e r n  f o r  the sum o f  p l u r a l s  i n  (59a). The cumula t ive  q u a n t i f i c a t i o n  
cannot be w i t h i n  the  scope o f  any q u a n t i f i e r  over i n d i v i d u a l  events. Schein 
( i n  progress)  cons iders  a s s i m i l a t i n q  the sum o f  p l u r a l s  t o  the p a t t e r n  f o r  
cumulat ive q u a n t i f i c a t i o n  and the f a m i l i a r  scope i n t e r p r e t a t i o n s :  
( i )  (sum o f  p l u r a l s )  'NPtx) (R(e,x); 4 (e ) ) ( * ) '  i s  t r u e  i n  C i f f  
f o r  sane event E i n  C ' * iE ) *"  i s  t r u e  i n  E and 'R(E, NP)' i s  t r u e  i n  E. 
( i )  r e t a i n s  the  aspects o f  event l o g i c  defended i n  t h i s . w o r k ,  the Davidsonian 
decomposit ion and the  fo rmula  f a c t o r e d  i n t o  t h e t a  r o l e  and remainder. See 
sec. 3.2. 
We now e x p l a i n  the cho ice  o f  complex q u a n t i f i e r s  t o  represent  the scope 
i n t e r a c t i o n s  between q u a n t i f i e r s  over i n d i v i d u a l  ob jec ts .  Two 
i n t e r p r e t a t i o n s  o+ ( 9 6 )  exemp l i f y  these f a m i l i a r  cases: 
( 9 6 )  Two d e t e c t i v e s  so lved two cr imes 
(97) a. [ two  de tec t i ues (x ) lC two  c r i m e s ( y ) l  x  so lved y 
b. [ two c r imes(y ) lL two  d e t e c t i u e s ( x ) l  x  so l ved  y 
I n  one i n t e r p r e t a t i o n  ( (97a) ) ,  ' two d e t e c t i v e s '  has w i t h i n  i t s  scope " two 
cr imes';  hence, two d e t e c t i v e s  each so lved  two cr imes.  I n  the o ther  ( ( 9 7 b ) ,  
' two cr imes' has w i t h i n  i t s  scope 'two d e t e c t i v e s n ,  and so two cr imes were 
each so lved  by  two d e t e c t i v e s .  
I n  r e p r e s e n t i n g  the  scope i n t e r a c t i o n s  o f  two q u a n t i f i e r s  over i n d i v i d u a l  
ob jec ts ,  one must be c a r e f u l ,  i f  one accepts a  Davidsonian decomposit ion o f  
po l yad ic  p red ica tes ,  w i t h  the  assignment o f  scope t o  the q u a n t i f i e r  over 
events. For ,  w i t h i n  thc  scope o f  a q u a n t i f i e r  over events, q u a n t i f i e r s  over 
i n d i v i d u a l  c,bjects w i l l  i n t e r a c t  i n  unintended and undes i rab le  ways. 
Consider ( 9 8 )  and the  schema i n  ( 1 9 1 ,  where the event q u a n t i f i e r  inc ludes 
w i t h i n  i t s  scope two q u a n t i f i e r s  over i n d i v i d u a l  o b j e c t s :  
(98) Ee C Q  d e t e c t i v e s ( x ) l t Q '  c r i n e s ( y ) l  , (so luer(x,e)  & s o l v i n q ( e )  & so lved(y ,e) )  
(99) Ee C Q  N' (x ) l [Q '  N 8 ( x ) l  ,(R(x,e) & V(e) & S ( y , e ) )  
We must here assutna t h a t  the  t h e t a  r o l e s ,  a t  l e a s t  when they appear w i t h  an 
i n d i v i d u a l  u a r i a b l r ,  as  i n  ' so lver (x ,e) ' ,  do n o t  exclude o ther  p a r t i c i p a n t s .  
Th is  one i s  t o  be i n t e r p r e t e d  as " x  i s  i n v o l v e d  i n  e  as a s o l v e r n  or  
e q u i u a l s n t l y ,  as ' x  i s  one o f  e's so lvers ' .  I t  cannot have the exc lus i ve  
i n t e r p r e t a t  ion  * e g o  s o l u e r s  are x'. Other'wise, a q u m t  i f  i e r  over i n d i v i d u a l s  
w i t h i n  the  scope o f  t h s  event q u a n t i f i e r ,  suck as ' two de tec t i ves '  i n  'Eettwo 
detectiuas~x~I...soluer(x,e~~, w o ~ l d  r e q u i r e  some event t o  con ta in  two 
d e t e c t i u e s  who were each the  o n l y  s o l v e r  i n  t h a t  euent. Since, a sentence 
l i k e  ( 9 6 )  does n o t  haue a  l o g i c a l l y  f a l s e  i n t e r p r e t a t i o n ,  we must assume t h a t  
the t h e t a  r o l e  ' so luer*u ,a) '  does n o t  exclude o the r  p a r t i c i p a n t s ,  L ikewise 
f o r  the o ther  t h e t a  r o l e s .  
Now the Dauidsonian decomposit ion i n t o  a  c o n j u n c t i o n  e l i m i n a t e s  the 
p o s s i b i l i t y  o f  express ing a  proper r e l a t i o n  between the i n d i v i d u a l s  o f  any 
g iven event.  That i s ,  (100) and (101) are always the  case f o r  any choice o f  
an event E: 
Every s o l v e r  i n  E i s  r e l a t e d  by 6  i n  ( 9 8 )  t o  every t h i n g  so lved i n  E. The 
ex tens ion o f  6  f o r  a  g i ven  event i ~ i  always a  Car tes ian  product .  The e f f e c t s  
o f  t h i s  on l o g i c a l  forms such as (98) and (99) fa1  1  i n t o  two cases. 
I n  the f i r s t  case, the q u a n t i f i e r s  w i t h i n  t h ~  scope o f  the event q u a n t i f i e r  
a re  bo th  non-decreasing, as i n  (102) and (1031, which are l o g i c a l  forms f o r  
2 4 (961 ,  and as i n  (105) and (1061, which are l o g i c a l  forms f o r  (104) : 
(102) Ee12 d e t e c t i v o s ( x ) l 2 2  c r i m ~ s ( y ) l  ,Csolver(x,e) & s o l u i n g t e )  & s o l u e d ( ~ , e ) )  
(103) Ee12 c r lmes(y ) l12  d e t e c t i u e s ( x ) l  , (so lver tx ,e)  4 s o l u i n g t e )  & solvedCy,e)) 
(104) E x a c t l y  two d e t e c t i v e s  so l ved  e x a c t l y  two cr imes 
(105) b 1 2 !  d e t e c t i v e s ( x ) l t 2 !  c r i m e s ( y ) l  , ( ~ o l v r r ( x , e )  & s o l u i n g ( e )  & solued(y,e))  
(106) Eet2!  c r i rne r (y ) l 12 !  d e t e c t i u e s ( x ) l  ( so l ve r (x ,e )  & s o l v i n g ( e )  & so lued(y ,e) )  6  
When they are  a l l  non-decreas.ing, the d i f f e r e n t  scope assignments t o  the 
24. A lso ,  ' the  de tec t i ves ' ,  ' \ three and no more than th ree  c r imes" ,  "some 
d e t e c t  i v e o m ,  e t c .  
q u a n t i f i e r s  w i t h i n  the scope o f  the  event q u a n t i f i e r  r e s u l t  i n  l o g i c a l l y  
equ iva len t  l o g i c a l  forms. Any event E t h a t  con f i rms  (102) s a t i s f i e s  (107) 
and t h e r e f o r e  con f i rms  (103).  
(107) Two d e t e c t i v e s  so lve  cr imes i n  E, and 
Two cr imes are  so l ved  by d e t e c t i v e s  i n  E. 
For suppose E i s  an event c o n f i r m i n g  (102). I t  then c o n t a i n s  two d e t e c t i v e s  
t h a t  each so lved ( a s  represented by  b i n  ( 9 8 ) )  two cr imes. I t  there+ore  
s a t i s f i e s  (1071, c o n t a i n i n g  two d e t e c t i v e s  s o l v i n g  cr imes and ( a t  l e a s t )  two 
cr imes so lved  by de tec t i ues .  But,  by ( l o o ) ,  every cr ime i n  E i s  r e l a t e d  t o  
every d e t e c t i v e  i n  E. Thus, E con f i rms  (1031, s ince  i t  con ta ins  two cr imes 
t h a t  were each so lved  (as represented by @ )  by two d e t e c t i v e s .  S i m i l a r  
remarks show the reverse en ta i lmen t  f rom (103) t o  (102). 
The same argument bu t  f o r  one a d d i t i o n a l  remark shows t h a t  (105) and (106) 
are  equ iua len t ,  Any event E t h a t  con f i rms  (105) s a t i s f i e s  (1081,  and 
t h e r e f o r e  con f i rms  (106). 
t 108) E x a c t l y  two d e t e c t i v e s  so l ve  c r imes i n  E and 
exact1 y two cr imes are  so l ved  i n  E 
The event E t h a t  con f i rms  (105) c o n t a i n s  e x a c t l y  two d e t e c t i v e s  t h a t  each 
s o l v e d  e x a c t l y  two cr imes. Hence, a t  l e a s t  two d e t e c t i v e s  so lve  cr imes i n  E, 
and a t  l e a s t  two cr imes are sd lued by d e t e c t i v e s  i n  E. But ,  s ince by ( l o o ) ,  
every d e t e c t i v e  i n  E so lved  every cr ime i n  E, i t  c o n t a i n s  no more than two 
cr imes so lved by d e t e c t i v e s ,  f o r  two d e t e c t i v e s  have each so lved e x a c t l y  
two. Thus, e x a c t l y  two cr imes are sa l ved  i n  E. S i m i l a r l y ,  E  con ta ins  no more 
than two d e t e c t i u e s  t h a t  so l ve  cr imes. Any a d d i t i o n a l  d e t e c t i v e  t h a t  so l ves  
cr imes i n  E so lves  every cr ime I n  E, o f  which the re  are e x a c t l y  two, But ,  
accord ing t o  (1051, there  are i n  E two and no more than two d e t e c t i v e s  who 
each so lve  e x a c t l y  two cr imes,  Hence, E s a t i s f i e s  both  con junc ts  i n  (108), 
and one can proceed as above t o  show t h a t  E then con f i rms  (106). The reverse 
en ta i lmen t  i s  s i m i l a r l y  shown. 
The equivalences we have seen, between (102) and (103) and between (105) 
and (1061, show t h a t  the asriqnment o f  scope t o  q u a n t i f i e r s  w i t h i n  the scope 
o f  an event q u a n t i f i e r  as i n  (98) w i l l  n o t  represent  the i n t e r p r e t a t i o n s  i n  
(97) i n  which they i n t e r a c t .  Represent inq these i n t e r p r e t a t i o n s  when the 
p r e d i c a t e  i s  decomposed as i n  ( 9 8 )  r e q u i r e s  the event q u a n t i f i e r  t o  be w i t h i n  
the scope o f  a t  l e a s t  one o f  the q u a n t i f i e r s  over i n d i v i d u a l  o b j e c t s :  
(109) [ Q  d e t e c t i u e s ( x ) l E e ~ Q '  c r i m e s ( y ) l  , (so lver(x,e)  & s o l u i n q ( e )  & so lued(y ,e) )  
I n  (109) and (110), one chooses f o r  each d e t e c t i v e  h i s  own euent (s )  o f  
s o l v i n q  Q' cr imes. Since, (100) h o l d s  o n l y  w i t h i n  the i n d i v i d u a l  event ,  i t  
- i s  n o t  the  case t h a t  every one o f  the Q d e t e c t i v e s  so l ves  every cr ime so lved 
by any o f  the o the rs ,  And so i t  cannot be concluded t h a t  Q' cr imes were each 
so lved by Q d e t e c t i v e s .  Revers ing the p o s i t i o n s  o f  the q u a n t i f i e r s  over 
i n d i v i d u a l  o b j e c t s  w i l l  then r e s u l t  i n  a  d i s t i n c t  i n t e r p r e t a t i o n .  *' Thus. 
t o  p r o p e r l y  q u a n t i f y  over i n d i v i d u a l s ,  i f  we accept the Davidsonian 
decomposit ion o f  the  p red ica te ,  i s  t o  q u a n t i f y  over events.  I n  a  sentence 
such as (ill), which has o n l y  the i n t e r p r e t a t i o n  i n  (97a), ea.ch must inc lude 
w i t h i n  i t s  scope the  q u a n t i f i e r  over events1 
25, The scope o f  tho event q u a n t i f i e r  i n  (109) o r  (110) i s  necessary i f  the 
i n t e r p r e t a t i o n s  o+ (97) are t o  be represented;  b u t ,  (109) and (110) are n o t  
s u f f i c i e n t  un less  8 s o l v + r ( x , o ) n  i s  i n t e r p r e t e d  e x c l u s i v e l y ,  9 ' s  s o l v e r s  are 
x D ,  see sec. 3.1.1. 
(111) Two d e t e c t i v e s  each so lved  two cr imes,  
The q u a n t i f i e r s  over i n d i v i d u a l  o b j e c t s  cons idered i n  the f i r s t  case are 
a l l  non-decreasing. As we have seen, the  assignment o f  scope t o  these 
q u a n t i f i e r s  w i t h i n  the scope o f  the event q u a n t i f i e r  does no t  represent  the 
f a m i l i a r  scope i n t e r a c t i o n s  i n  (97) .  The i n t e r p r e t a t i o n s  t h a t  do r e s u l t  are 
h w e v e r  benign. As t h e i r  necessary and s u f f i c i e n t  t r u t h  c o n d i t i o n s  i n  ( 1 0 7 )  
and (108) show, the l o g i c a l  forms corresponding t o  (98) are equ iva len t  t o  the 
sum o f  p l u r a l s  i n t e r p r e t a t i o n s  o f  the sentences (96) and (108).  
I n  the  second case where (98) ( o r  (99) i nc ludes  a t  l e a s t  one decreasinq 
q u a n t i f i e r ,  the  r e s u l t i n g  i n t e r p r e t a t i o n  i s  w h o l l y  anomalous. I t  does no t  
correspond t o  any o f  the sentence's acceptable i n t e r p r e t a t i o n s .  We consider  
the  f o l l a r i n g  examples and the l o g i c a l  forms which are ins tances o f  ( 9 8 ) :  
(112) (Exac t l y )  two cr imes were so l ved  by no more than two d e t e c t i v e s  
(113) No more than two d e t e c t i v e s  so l ved  ( e x a c t l y )  two cr imes 
(114) E e E 2 ( ! ) c r i m e s ( x ) l l i 2  d e t e c t i v e s ( y ) l  so luer (x ,e)  & s o l v i n g ( e )  8 solved(y,e> 
(119) E e t i 2  detectivesll2t!)crimes(x)l(y) so lue r (x ,e )  & s o l u i n q ( e )  8 so lvedty ,e)  
( 1  16) No more than two d e t e c t i v e s  so l ved  no more than two cr imes 
(117) Eet12 d e t e c t i v e s ( x ) l t i 2  c r i m e s ( y ) l  so l ve r (x ,e )  & s o l v i n q ( e )  & so lued( r ,e )  
(118) Eel!2 c r i m e s l t i 2  d e t e c t i u e s ( x ) l ( y )  so l ve r (x ,e )  & s o l v i n g ( e )  8 soluedCr,e) 
Consider f i r s t  the  forms i n  ( l l S ) ,  (117) and (118) i n  which a  decreasing 
q u a n t i f i e r  i nc ludes  w i t h i n  i t s  scope another q u a n t i f i e r  over i n d i v i d u a l  
ob jec ts .  Necessary and s u f f i c i e n t  c o n d i t i o n s  f o r  any event E t o  con f i rm  
these forms are g iven i n  the f o l l c w i n g :  
(119)t (115)1 No more than two d e t e c t i v e s  so l ved  cr imes i n  E, or  there  are no t  
( e x a c t l y )  two cr imes so lved  by d e t e c t i v e s  i n  E. 
(120)t (117)1 No more than two d e t e c t i v e s  so l ved  cr imes i n  E, or* there  a rs  no t  
no more than two cr imes so lved  by d e t e c t i v e s  i n  E. 
(121) t (118)1  No more than two cr imes were so lved by d e t e c t i v e s  i n  E, o r  there  
are no t  no more than two d e t e c t i v e s  t h a t  so lved cr imes i n  E ,  
We show t h a t  (119) i s  necessary and s u f f i c i e n t  f o r  (115).  Assuming f i r s t  
t h a t  E con f i rms  (1151, we show t h a t  (119) i s  t r u e .  Suppose i t  t o  be f a l s e .  
Then, more than two d e t e c t i v e s  so lved c r imes i n  E and ( e x a c t l y )  two cr imes 
were so l ved  i n  E, By ( l o o ) ,  every one o f  the d e t e c t i v e s  i n  E so lved ( a s  
represented by 4 i n  (98 ) )  every one o f  t h e  c r imes i n  E; and, the re fo re ,  more 
than two d e t e c t i v e s  each so lved  i n  E ( e x a c t l y )  two cr imes,  But ,  t h i s  
c o n t r a d i c t s  the assumption t h a t  E con f i rms  (1151, and so (119) must be t r u e ,  
(119) i s  a  necessary c o n d i t i o n  on any E t h a t  con f i rms  (115). 
Assuming now t h a t  (119) i s  t r u e  o f  E, we show t h a t  E conf i rms (115) .  I f  E 
s a t i s f i e s  the f i r s t  d i s j u n c t  o f  (1191, i t  c o n t a i n s  no more than two 
d e t e c t i v e s  s o l v i n g  cr imes. I t  t h e r e f o r e  c o n t a i n s  no more than two d e t e c t i v e s  
each s o l v i n g  two cr imes. I f ,  on the  o the r  hand, E  s a t i s f i e s  the second 
d i s j u n c t  o f  (1191, the re  are  no t  ( e x a c t l y )  two cr imes so lved  by d e t e c t i v e s  i n  
E. Then, the re  are  i n  E no more than two d e t e c t i v e s  ( i n  f a c t ,  none> who each 
so lved ( e x a c t l y )  two cr imes.  Thus, (119) i s  a  s u f f i c i e n t  c o n d i t i o n  f o r  
(115). S i m i l a r  remarks show t h a t  (120) and (121) are necessary and 
s u f f i c i e n t  c o n d i t i o n s  f o r  t h e i r  corresponding l o g i c a l  forms. 
As the t r u t h  c o n d i t i o n s  i n  (119), (120) and (1211 make c l e a r ,  the l o g i c a l  
forms i n  (115), (117) and (118) do n o t  represent  acceptable i n t e r p r e t a t i o n s  
o f  the sentences (1121, (113) and (116). They do not  represent  
i n t e r p r e t a t i o n s  r e f l e c t i n g  f a m i l i a r  scope i n t e r a c t i o n s :  
(122) tno  more than 2  detectives(x~lt(exactly) 2 c r i m e s t y ) l  x so lved Y 
The d e t e c t i v e s  who accord ing t o  (122) must be no more than two i f  they have 
so lved  ( e x a c t l y )  two cr imes are n o t  j u s t  those o f  some p a r t i c u l a r  event .  
But ,  even i f  we c o u l d  add a  c o n d i t i o n  t o  (115) s t i p u l a t i n g  t h a t  the event e 
i s  the one event t h a t  i nc ludes  a l l  s o l v i n g  by any d e t e c t i v e s  o f  any cr imes, 
(115) would s t i l i  f a i l  t o  repre5ent  (122).  I f  more than two d e t e c t i v e s  so lve  
cr imes, (122) r e q u i r e s  t h a t  a l l  b u t  two o f  them each so lved  no t  ( e x a c t l y )  two 
cr imes.  But ,  t h i s  i s  n o t  t o  r e q u i r e  as would (115) v i a  (119) t h a t  there  are 
n o t  ( e x a c t l y )  two cr imes so lued by d e t e c t i v e s .  
As i s  ev ident  frm the d i s j u n c t i o n  i n  the t r u t h  c o n d i t i o n s ,  these l o q i c a l  
forms do n o t  represent  the  sum o f  p l u r a l s  i n t e r p r e t a t i o n s  e i t h e r .  The sum o f  
p l u r a l s  i n t e r p r e t a t i o n  o f  (112) i s  t r u e  j u s t  i n  case an event o f  s o l v i n g  
( e x a c t l y )  two cr imes i s  accunpl i shed by no more than two de tec t  iues.  But ,  
(115) would be t r u e  o f  an event o f  s o l v i n g  fewer than two cr imes accomplished 
by more than two d e t e c t i v e s .  S i m i l a r l y ,  the sum o f  p l u r a l s  i n t e r p r e t a t i o n  o f  
(116) i s  t r u e  o f  an event o f  s o l v i n g  j u s t  i n  case i t  i n v o l v e s  no more than 
two d e t e c t i v e s  and no more than two cr imes,  b u t  (117) would be t r u e  o f  an 
event o f  s o l v i n g  more than two cr imes by more than two d e t e c t i v e s ,  Un l i ke  
the  f i r s t  case w i t h  o n l y  non-decreasing q u a n t i f i e r s ,  these l o q i c a l  forms t h a t  
f a i l  t o  represent  f a m i l i a r  scope i n t e r a c t i o n s  are  no t  equ iva len t  t o  o ther  
acceptable i n t e r p r e t a t i o n s .  
Consider now the remain ing  l o g i c a l  form (114) where the decreasing 
q u a n t i f i e r  i s  w i t h i n  the scope o f  a  non-decreasing q u a n t i f i e r  over 
i n d i v i d u a l s .  Note t h a t  f o r  a  p a r t i c u l a r  event E, an i n d i v i d u a l  cr ime has the 
p r o p e r t y  expressed by (123) i S  i t  was not so lved i n  E o r  no more than two 
d e t e c t i v e s  so l ved  c r imes i n  E t  
A necessary and s u f f i c i e n t  c o n d i t i o n  f o r  E t o  c o n f i r m  (114) i s :  
(124) ( E x a c t l y )  two cr imes are such [ t h a t  they were n o t  so lved i n  E or  no 
more than two de tec t  iues  so l ved  c r imes i n  E l .  
As the  b racke ts  i n d i c a t e ,  the r e l a t i v e  c lause i n  (124) i s  a  d i s j u n c t i o n .  
Note t h a t  i f  E i s  an event i n  which no more than two d e t e c t i v e s  so lve  cr imes, 
then every cr ime i s  one t h a t  has the p r o p e r t y  i n  (123).  Thus, i f  E i s  such 
an event,  i t  con f i rms  (114) i f  and o n l y  i f  the re  are ( e x a c t l y )  two cr imes i n  
the wor ld .  I f ,  on the  o the r  hand, E i s  an event i n  which more than two 
d e t e c t i v e s  so lve  cr imes, i t  con f i rms  (114) i f  and o n l y  i f  there  are ( e x a c t l y )  
two cr imes t h a t  a re  n o t  so l ved  i n  E. P l a i n l y ,  (112) o r  (113) have no 
i n t e r p r e t a t i o n s  t h a t  a re  t r u e  i f  and o n l y  i f :  there  i s  an event i n  which no 
more than two d e t e c t i u e s  so lve  c r imes and the re  are ( e x a c t l y )  two cr imes i n  
the  wor ld ,  o r  t he re  i s  an event i n  which more than two d e t e c t i v e s  so lve  
cr imes and there  are not ( e x a c t l y )  two cr imes so lved  i n  i t .  As above, the 
scope assignment i n  ( 9 8 )  where one o f  the  q u a n t i f i e r s  ouer i n d i v i d u a l  o b j e c t s  
i s  decreasing r e s u l t s  i n  an anma lous  i n t e r p r e t a t i o n ,  
The f i r s t  cases o f  the schema i n  ( 9 8 )  where the q u a n t f i e r s  are a l l  
non-decreasing showed t h a t  t o  p r o p e r l y  q u a n t i f y  over i n d i v i d u a l  o b j e c t s  i n  
the way o f  f a m i l i a r  scope i n t e r a c t i o n s  i s ,  i f  one accepts the Davidsonian 4 ,  
t o  q u a n t i f y  over events.  The second cases o f  the  schema i n  ( 9 8 1 ,  w i t h  
decreasing q u a n t i f i e r s ,  showed t h a t  w i t h i n  the  scope o f  the event q u a n t i f i e r  
the i n t e r a c t i o n s  o f  q u a n t i f i e r s  over i n d i v i d u a l  o b j e c t s  are anomalous. 2 6 
26. We have i n  f a c t  s h w n  more, u i z . ,  t h a t  the l o g i c a l  syntax i m p l i c i t  i n  
Dauidson (1968) cannot represent  the sum o f  p l u r a l s  i n t e r p r e t a t i o n s  o f  (1121, 
(113) and (116). T h i s  i s  the  syntax o f  (81) on p, 50 w i t h  the d i f f e r e n c e  
Our acceptance o f  a  Davidsonian decomposit ion o f  the p r e d i c a t e  leads us t o  
adopt a  system o f  q u a n t i f i c a t i o n  t h a t  avo ids  the anomalous i n t e r a c t i o n s .  We 
have proposed complex q u a n t i f i e r s  as i n  ( 6 0 ~ ) .  Any q u a n t i f i e r  over 
i n d i v i d u a l  o b j e c t s  i s  a l s o  a q u a n t i f i e r  over i n d i v i d u a l  events. I n  e f f e c t ,  
every q u a n t i f i e r  over i n d i v i d u a l  o b j e c t s  i s  immediately f o l l o w e d  by an 
e x i s t e n t i a l  q u a n t i f i e r  over events. Thus, whenever a  NP i s  taken t o  
cor.respond t o  the q u a n t i f i e r  A' i n  (571, i t  b inds ,  as shown i n  (1251, the 
event v a r i a b l e  t h a t  was f r e e  i n  the s y n t a c t i c  s t r u c t u r e  i n  (55 ) .  
I n  the a n a l y s i s  o f  p l u r a l s ,  event l o g i c  r e p l a c e s  the  s e t s  o f  i n d i v i d u a l s  
t h a t  make up the d m a i n  o f  se t -deno ta t i ve  l o g i c  w i t h  a domain o f  events,  
which @ c o n t a i n m  p a r t i c i p a n t s .  I n  t h i s  s e c t i o n ,  we consider  what s o r t  o f  
i n d i v i d u a l  events are.  
---------- 
t h a t  the  va lues  o f  xy are  o n l y  i n d i u i d u a l  o b j e c t s .  The d i scuss ion  i n  the 
t e x t  showed t h a t  l o g r c a l  forms i n  the schema o f  ( 9 8 )  are anomalous and, i n  
p a r t i c u l a r ,  do no t  represent  the sum o f  p l u r a l s  i n t e r p r e t a t i o n .  Any o ther  
o r d e r i n q  o f  the q u a n t i f i e r s  over i n d i v i d u a l s  w i t h  the event q u a n t i f i e r  w i l l  
y i e l d  a  f a m i l i a r  scope i n t e r p r e t a t i o n .  Thus, none o f  the forms i n  the schema 
i n  ( 8 i )  represent  the sum o f  p l u r a l s  i n t e r p r e t a t i o n  o f  these sentences. The 
problem w i t h  t h i s  syntax i s  t h a t  the decreasinq q u a n t i f i e r ,  whatever i t s  
scope r e l a t i u e  t o  the  o the r  q u a n t i f i e r s ,  w i l l  a lways i n c l u d ~  w i t h i n  i t s  scope 
the c o n j u n c t i o n  o f  the t h e t a  r o l e s  and event concept.  Compare the event 
l o g i c  f o r  the sum o f  p l u r a l s  i n  t60a) .  
The events are Davidson's, which are understood t o  include s ta tes  or 
s i t ua t i ons .  I n  The Looical  Form o f  Act ion Sentences, he uses events t o  solve 
Kenny's (1963) problem o f  ' va r iab le  po l yad i c i t y : "  
(2 )  Jones bu t te red  the toast  i n  the bathroom w i t h  a k n i f e  a t  
midnight .  
... most phi losophers today would, as a s t a r t ,  analyze t h i s  
sentence as con ta in ing  a f iue-place pred icate w i t h  the argument 
places f i l l e d  i n  the obvious ways w i t h  s ingu la r  terms or bound 
uar iab les.  I f  we go on t o  analyze 'Jones bu t te red  the toast "  as 
con ta in ing  a two-place pred icate,  'Jones bu t te red  the toast  i n  
the bathroom' as con ta in ing  a three-place pred icate,  and so 
f o r t h ,  we obl i t e r a t e  the l o g i c a l  r e l a t  ion between these 
sentences, namely tha t  (2) e n t a i l s  the others.  O r ,  t o  put the 
ob jec t ion  another way, the o r i q i n a l  sentences conta in  a c m o n  
syn tac t i c  element ( 'but teredm) which we i n t u i t i v e l y  recognize as 
re levan t  t o  the meaning re l a t i ons .  o f  the sentences. But the 
proposed analyses s h m  no such c m o n  syn tac t i c  
element. (Davidson, c i t . ,  p. 236.) 
Dauidson proposes t ha t  
... there i s ,  of course, no var iab le  p o l y a d i c i t y .  T h e  problem i s  
solved i n  the na tu ra l  way, by in t roduc ing  events as e n t i t i e s  
about which an i n d e f i n i t e  number o f  th ings  can be 
said.  (Davidson, op *, p. 242.) 
I n  the l o g i c a l  form o f  h i s  example (21,  each p repos i t iona l  phrase says 
something about an event x. An e x i s t e n t i a l  q u a n t i f i e r ,  as Reichenbach (1947) 
suggested, b inds the event va r iab le :  
The l o g i c a l  r e l a t i o n  o f  (2 )  t o  the other sentences tha t  Davidson mentions i s  
now c lea r .  (126) e n t a i l s  t h e i r  l o g i c a l  forms! 
(127) (Ex) (Buttered(Jones, the toas t ,  x ) )  
( 128) (Ex) (Buttored(Jones, the toast ,  x )  & I n ( t h e  bathroom, x ) )  
Tho events q u a n t i f i e d  over include what one would o r d i n a r i l y  describe as 
s t a t e s  o r  s i t u a t i o n s .  As Davidson p o i n t s  out  (pp. 243-2445, the appearance 
o f  " v a r i a b l e  p o l y a d i c i t y "  i s  a  c m o n  deature o f  uerbs, n o t  j u s t  o f  those 
2 7  t h a t  descr ibe  a c t i o n s  . 
The a n a l y s i s  o f  p l u r a l s  presented above assumes Dauidson's commitment t o  
events; b u t ,  i n  a d d i t i o n  t o  i n t e r p r e t a t i o n s  such as (1265-(1285, 
q u a n t i f i c a t i o n  over events  i s  found i n  o the r  con tex ts .  I n  some 
i n t e r p r e t a t i o n s ,  an e x i s t e n t i a l  q u a n t i f i e r  over events i s  e f f e c t i v e l y  w i t h i n  
the scope o f  another q u a n t i f i e r ,  as i n  the i n t e r p r e t a t i o n  a f  complex 
q u a n t i f i e r s  'CQ{x,e): N ' ( x ) l@(x ,e ) '  (see ( 5 9 ~ 5 1 ,  and i n  o thers ,  the v a r i a b l e  
over events i s  bound by a  u n i v e r s a l  q u a n t i f i e r ,  " [ A @  V(e ) : . . . (e ) l  TNFL(e,NPIM 
(see event-dependent quant i f i ca t ion , (59b) ) .  The a n a l y s i s  o f  p l u r a l s  engages 
events i n  more o f  the  apparatus o f  q u a n t i f i c a t i o n  theory  than Cauidson (1.9675 
o r  Kroch (1974) f i r s t  countenanced. I t  thus  r e l i e s  h e a v i l y  on the assumption 
28 t h a t  i n  a l l  ways r e q u i r e d  f o r  q u a n t i f i c a t i o n  there  are i n d i v i d u a l  events . 
I n  q u a n t i f y i n g  over i n d i v i d u a l  o b j e c t s ,  two s o r t s  o f  domains have been 
recognized: domains o f  p o s s i b l e  o b j e c t s  and domains o f  ac tua l  ob jec ts .  We 
w i l l  see t h a t  t h i s  d i s t i n c t i o n  a l s o  h o l d s  o f  events. There i s  q u a n t i f i c a t i o n  
over a  danain o f  p o s s i b l e  events  and q u a n t i f i c a t i o n  over a  domain o f  ac tua l  
27. Harman (1972) no tes  t h a t  Davidson's event a n a l y s i s  may no t  be approp r ia te  
f o r  a l l  adve rb ia l  phrases. He suggests t h a t ,  f o r  example, ' necessar i l y '  and 
' i n t e n t i o n a l l y '  i n  'Necessar i l y  Jack i n t e n t i o n a l l y  walked s l o w l y  i n  the 
s t r e e t m  take p r o p o s i t i o n a l  complements. 
For f u r t h e r  d i scuss ion  o f  Davidson's events  and r e l a t e d  ques t ions  o f  l o g i c a l  
form, see Harman (1972) and Higginbotham (1984b5. 
28, The n o t i o n  o f  i n d i v i d u a t i o n  r e q u i r e d  f o r  q u a n t i f i c a t i o n  and p r e d i c a t i o n  
i s  d iscussed i n  Evans (1975). He analyzes the c o n d i t i o n s  under which a  
semantics can be s a i d  t o  r e q u i r e  p r e d i c a t i o n  ( o f  i n d i v i d u a l s ) .  
events. Thus, events  are l i k e  o the r  i n d i v i d u a l s .  T h i s  d i s t i n c t i o n  between 
the  p o s s i b l e  and the ac tua l  w i l l  be of some importance i n  l a t e r  sec t i ons ,  
where we w i l l  r e l y  on q u a n t i f y i n g  over a  domain o f  ac tua l  events,  But f i r s t  
we consider  the more general ques t ion  o f  what i t  means t o  be an i n d i v i d u a l .  
Goodman (1956) observes t h a t  i n  a  system o f  l o g i c a l  form such as the one 
cons idered here,  t o  be an i n d i v i d u a l  i s  t o  be a va lue o f  a  v a r i a b l e .  That 
i s ,  t o  be an i n d i v i d u a l  i s  t o  be denoted by  sane p r e d i c a t e ,  t h a t  i s ,  an 
expression,  perhaps complex, w i t h  a  f r e e  v a r i a b l e  @(XI. The quest ion  o f  how 
t o  i d e n t i f y  i n d i v i d u a l s  i n  the w o r l d  p e r t a i n s  then t o  bo th  events and 
ob jec ts .  As Reichenbach (1947) and Goodman (1956) have remarked, a  d iscourse 
( o r  theory)  may take any th ing  i n  the w o r l d  t o  correspond t o  i t s  i n d i v i d u a l s ,  
Reichenbach's example i s  a house f u l l  o f  f u r n i t u r e .  The i n d i v i d u a l s  i t  
c o n t a i n s  are arms and l e g s  t o  a  j o i n e r ,  b u t  t o  a  mover i t  c o n t a i n s  one 
i n d i v i d u a l .  E l a b o r a t i n g  the  example, the j o i n e r ' s  d iscourse i s  cons t ruc ted  
f rom p red ica tes ,  e.g., "x  i s  j o i n e d  t o  y D ,  t h a t  denote arms and legs ,  which 
are the va lues  of the u a r i a b l e s .  The j o i n e r ' s  i n d i v i d u , a l s  i n  the house o f  
f u r n i t u r e  a re  the  arms and l e g s  he t a l k s  about.  On the o ther  hand, the 
mover's d iscourse c o n t a i n s  p red ica tes ,  e.g., 'x weighs a h a l f  ton over ne t  
a l lowanceD, which may denote a l l  the con ten ts  o f  a  house. Then, f o r  the 
mover, a l l  the f u r n i t u r e  i n  the house i s  j u s t  one i n d i v i d u a l .  Thus, the same 
t h i n g  i n  the  wor ld ,  the f u r n i t u r e  i n  the house, may c o n s t i t u t e  one i n d i v i d u a l  
under rune d e s c r i p t i o n  and seueral  i n d i v i d u a l s  under another d e s c r i p t i o n ,  
What i s  t o  be taken as an i n a i v i d u a l  depends on the p red ica tes .  I n  t h i s  
scheme of t h ings ,  f o r  suneth ing  t o  be an i n d i v i d u a l  does no t  f i x  i t s  phys i ca l  
boundaries. I t  i s  l e f t  t o  the  meaning o f  the  p a r t i c u l a r  p r e d i c a t e  t o  s p e c i f y  
t h a t  the i n d i v i d u a l s  i t  denotes must have . p a r t i c u l a r  phys i ca l  p r o p e r t i e s ,  
Thus, an i n d i v i d u a l  3 o r  y denoted by " x  i s  j o i n e d  t o  y', b e i n g  an arm or  a  
l eg ,  must occupy a  cont inuous p o r t i o n  o f  space; b u t ,  an i n d i v i d u a l  denoted by 
" x  weighs a  h a l f  t on  ooer n e t  al lowance' does no t  have t o  have t h i s  
p r o p e r t y  . 
Events are nu d i f f e r e n t  f rom i n d i v i d u a l s  i n  t h e i r  dependence on p r e d i c a t e s  
f o r  phys i ca l  d e f i n i t i o n  ( a s  Reichenbach no tes ) .  I n  a d m i t t i n q  two s o r t s  o f  
v a r i a b l e s  those t h a t  range over events and those t h a t  ranqe over o b j e c t s ,  we 
have j u s t  d i v i d e d  the domain o f  i n d i v i d u a l s  i n  two. To be an i n d i v i d u a l  
o b j e c t  i s  t o  be the va lue o f  a  u a r i a b l e  i n  a  p r e d i c a t e  about o b j e c t s ,  and t o  
be an i n d i v i d u a l  event i s  t o  be the value o f  a  v a r i a b l e  i n  a  p r e d i c a t e  about 
events . 29 I n  the  case o f  the v a r i a b l e  t h a t  ranges over events,  i t  i s  
important  t o  d i s p e l  the  idea t h a t  t he re  i s  some c o n d i t i o n  o f  s p a t i a l  o r  
temporal c o n t i g u i t y  which must be met by whatever i n  the w o r l d  i s  an 
i n d i v i d u a l  event.  The same a c t i v i t y  i n  the world--whether i t  i s ,  f o r  
example, the annual bus iness  o f  some moving company or  the day's l abo r  o f  one 
o f  i t s  crews-may be t r u t h f u l l y  desc r ibed  as an i n d i v i d u a l  event by p_, load inq 
of twenty- f i ve  t r u c k s  i n  one con tex t  and as a p l u r a l i t y  o f  events by l o z d i n q s  
o f  twenty-f  iue t r u c k s  i n  another context .30.  To r e j e c t  the ex is tence o f  a  
s p a t i a l  o r  temporal c o n d i t i o n  s a t i s f i e d  by a l l  events  does no t  prevent  a  
p a r t i c u l a r  p r e d i c a t e  f rom imposing such a  c o n d i t i o n  on the i n d i v i d u a l  events 
29.  I n  t h i s  schema w i t h  two s o r t s ,  the p r e d i c a t e s  o f  the p rev ious  paragraph 
s e l e c t  v a r i a b l e s  t h a t  range over o b j e c t s ,  
30. For the  sake o f  i l l u s t r a t i o n ,  I use nomina l ized forms, which mark 
p l u r a l i t y  o u e r t l y .  Roeper (1984) observes t h a t  the  p l u r a l  morpheme o+ten 
cannot i nc lude  w i  t h i n  i t s  scope the theme arqument : ttihrgginqof._the.-baby 
us. the droppinas o f  the baby. The p l u r a l  n o m i n a l i z a t i o n  does not  descr ibe  
events i n  which the  baby i s  dropped. 
i t  denotes. Thus, the annual business of  a  moving company i s  u n l i k e l y  t o  be 
an ind iv idua l  event f o r  the pred icate " x  i s  a  load ing of  t rucks  
simultaneously', because the t racks  belonging t o  such an event must be loaded 
sjmultaneously. But, tha t  annual business may include several events that  
are denoted by the predicate.  We have seen then tha t  events are l i k e  
ob jects .  The no t ions  t ha t  s o r t  the dunain o f  i nd i v i dua l s ,  event and ob jec t ,  
do not  themselves impose physical  or  temporal boundaries. 
3.5 Possible and actual  i nd i v i dua l s  
Recall  tha t  sentences such as those i n  (129) have event-dependent and 
non-event-dependent i n te rp re ta t i ons ,  which quan t i f y  over a d m a i n  o f  
i nd i v i dua l  events. 
t 129) a. Few t ruckers  load(ea1 up one or more t rucks.  
b. Only a  few t ruckers  loadted) up one or more t rucks.  
c .  Not more than twenty t ruckers  load(ed) up one or more t rucks.  
d. (Exact ly )  twenty t ruckers  load(ed) up one or more t rucks.  
(130)(ev.-dep.) [Ae: loadte)  up one or more t rucks]  INFL(e, C Q  t r ucke rs l )  
(13l)(non-ev . -dep,)31t~x:  t rucker(x) l [Ee:  load(e1 up one or more t r ucks l  x t e .  
These i n te rp re ta t i ons  count t ruckers  who p a r t i c i p a t e d  i n  events o f  load ing 
one or more t rucks.  The d m a i n  o f  events q u a n t i f i e d  over thus includes 
ind iv idua l  events denoted by the pred icate ' load(ed) up one or more 
trucks(e.)'. The purpose of  t h i s  sec t ion  i s  t o  ask what i s  i n  the extension 
31. I have a l t e r e d  the l o g i c a l  form t o  make i t  c lear  tha t  ( i S  has been 
i n te rp re ted  according t o  ( 6 4 ~ )  t o  g ive non-event-dependent quan t i f i ca t i on .  
t i )  [Q<x,e):trucker(x)l[INFL(e,x) t load(e)  up one or more trucks11 
of t h i s  p r e d i c a t e ,  f o r  a  g iven p iece  o f  the w o r l d  such as the one dep ic ted  i n  
(132) and descr ibed below, and what i n  t h i s  p iece o f  the 1.rurld must 
correspond t o  an i n d i u i d u a l  e u e ~ t  i n  the d m a i n  o f  events q u a n t i f i e d  over ,  
Each b lock  I n  (132) i s  a d i s t i n c t  t rucg ,  and the c i r c l e  l i n k e d  t o  i t  i s  i t s  
cargo. Suppose t h a t  severa l  t r u c k e r s  loaded up each t r u c k ,  Each l o a d i n g  o f  
one t r u c k  w i t h  i t s  cargo i s  an atomic event ,  o r  at-qc? f o r  s h o r t .  4 s  remarked 
above ( p .  691,  however d i s t a n t  i n  t ime and space the atoms are ,  what i s  
dep ic ted  i n  (132) mar be desc r ibed  as a  s i n g l e  i n d i v i d u a l  event i n  one 
con tex t  and as seueral  i n d i v i d u a l  events i n  another .  Wlrat then are thcr 
i n d i v i d u a l  euents t h a t  ,132) c o n t r i b u t e s  t o  the d m a i n  q u a n t i f i e d  over i n  
(130) and (1311, which i nc ludes  i n d i v i d u a l  events  o f  l o a d i n g  one or  more 
~ ~ u c K s ?  Nate t h a t  any noe-empty combinat ion o f  the atoms i n  !132), i f  i t  
were an i n d i v i d u a l  euent,  i s  a  l o a d i n g  o f  one o r  mork t r a ~ c k s  and would 
t h e r e f o r e  be denoted by  the  p r e d i z a t e  ' load(ed) up one or  more t r u c k s ( e > " .  
There are 1 023 (=210-1) such combinat ions.  I s  i t  necessary f o r  the domain 
q u a n t i f i e d  over i n  (130) and (131) t o  i nc lude  as i n d i v i d u a l  events a l l  o f  the 
1,023 : m b i n a t i o n s ?  Sappose t h a t  the d m a i n  i s  always so comprehensiuc. 
Then, the cuent-dependent i n t e r p r e t a t i o n  (130) w i l l  always y i e l d  t r ~ t h  
c o n d i t i o n s  such as the one i n  (133) f o r  (129d): 
(133) (euent-dependent) ' E x a c t ~ y  twenty t r u c k e r s  loadted)  up one 
or  more t rucks '  i s  t r u e  o f  (132) i f f  f o r  any combinat ion o f  the 
atomic euents o f  ( f321,  I ,  1 i nvo l ved  e x a c t l y  twenty t r u c k e r s ,  
T h i s  has a  s u r p r i s i n g  consequence, The a t m i c  l oad ings  are themselves each a 
combinat ion o f  a t o m i ~  e v a n t r  o f  (132). Then, accord inq t o  (1331, e x a c t l y  
twenty t r u c k e r s  p a r t i c i p a t e d  i n  each a t u n i c  l oad ing .  The atomic l oad ings  
taken a11 toqethor  ar-e a l s o  one combinat ion o f  the a t u n i c  events o f  (1321 ,  
and so, accord ing t o  (1331, e x a c t l y  twenty t r u c k e r s  p a r t i c i p a t e d  i n  a l l  o f  
(132). These two consequences o f  (133) can be t r u e  o n l y  i f  i t  i s  the same 
twenty t r u c k e r s  i n  each atomic event ,  Thus, i f  the  domain o f  events  inc ludes 
every combinat ion o f  the atoms i n  (1321, tne  event-dependent i n t e r p r e t a t i o n  
o f  (129d) w i l l  e n t a i l  t h a t  the same twenty t r u c k e r s  and o n l y  these loaded up 
every t r u c k .  
We wi 11 see t h a t  a domain o f  i n d i v i d u a l  events i s  no t  always c losed  under 
combinat ions o f  atomic events,  and thus  consequences l i k e  the one noted i n  
the preced ing paragraph do no t  i n  general o b t a i n ,  f o r t u n a t e l y .  The quest ion  
o f  what combinat ions o f  atoms correspond t o  i n d i v i d u a l s  i n  the dunain o f  
q u a n t i f i c a t i o n  concerns n o t  o n l y  events  b u t  a l s o  o b j e c t s ,  I n  genera l ,  a  
domain o f  i n d i v i d u a l s  c losed  undler combinat ions o f  atoms i s  a domain o f  
p o s s i b l e  i n d i v i d u a l s .  A domain o f  a c t u a l  i n d i v i d u a l s  i s  no t  c losed  under a l l  
combina:ions. We f i r s t  show how q u a n t i f i e r s  over o b j e c t s  sometimes have 
domains o f  p o s s i b l e  i n d i v i d u a l s  and sometimes domains o f  ac tua l  i n d i u i d u a l s .  
I t  w i l l  then be shown t h a t  the  danains o f  events q u a n t i f i e d  over are 
s i m i l a r l y  d i v i d e d  betl~ieen p o s s i b l e  and ac tua l  ' i n d i v i d u a l s .  
Montague (19740, 1974b) has p o i n t e d  t o  (134) and Hazen (1976) t o  (135) as 
examples o f  q u a n t i f y i n g  over p o s r i b i l i a r  
(134) There was a man whom no one remembers (Montaque 1974a,b1 
(135) A l l  the b u i l d l n q s  the zon ing board has prevented f rom be ing  b u i l t  
would have been monstrous (Hazen 1976) 
I n  general ,  p o s s i b l e  o b j e c t s  may have poss ib le ,  non-actual p a r t s .  To pursue 
the  s i m i l a r i t y  w i t h  the i n d i v i d u a l  events o f  (1321, we consider  the spec ia l  
case o f  q u a n t i f y i n g  over p o s s i b l e  o b j e c t s  t h a t  are a l l  made f rom a c t u a l ,  
e x i s t i n g  atoms. T h i s  i s  t o  be done by c o n s t r u c t i n g  an approp r ia te  con tex t  
f o r  Hazen's (135). 
Suppose f o r  s i m p l i c i t y  t h a t  b u i l d i n q s  are cons t ruc ted  modu la r l y  f r u n  whole 
rooms. A l s o  assume t h a t  the zon ing board's r u l i n g ,  a l l u d e d  t o  i n  (135),  was 
aga ins t  some r x i s t i n g  and d e f e c t i v e  c o n s t r u c t i o n  u n i t s - -  a  p a r t i c u l a r  
warehouse 9 u l l  o f  modular rooms. Jus t  l i k e  the atomic events o f  (132),  these 
rooms are atomic o b j e c t s ,  The i n d i v i d u a l  b u i l d i n q s  prevented by the zon ing 
board correspond t o  combinat i ons  o f  the a t 0 m s . ~ ~ 1 n  t h i s  s i  t u a t  ion,  (135) 
would be f a l s e  i f  there  i s  anr c m b i n a t i o n  o f  rooms f rom t h a t  warehouse ( i n  
any arrangement, see n.  32) t h a t  would n o t  be monstrous, Thus the domain 
f o r  the q u a n t i f i e r  a l l  the b u i l d i n a s  the zon ina board has prevented from. 
be in^ b u i l t  must be c losed  under combinat ions o f  the atoms. 
Now l e t  us  cons ider  a  s i t u a t i o n ,  t o  eva luate  (1361, i n  which, c o n t r a r y  t o  
the zon ing board's r u l i n g ,  b u i l d i n q s  have been cons t ruc ted  out  o f  the 
d e f e c t i v e  rooms i n  t h a t  warehouse. 
(136) A l l  the i l l e g a l  b u i l d i n g s  are s i x  s t o r i e s  t a l l  
I t  i s  c e r t a i n  t h a t  n o t  every c m b i n a t i o n  o f  rooms corresponds t o  one o f  the 
cons t ruc ted  b u i l d i n g s .  Otherwise, the same room would have t o  appear i n  
32. O f  course, f o r  any g i ven  c m b i n a t i o n ,  d i f f f e r e n t  b u i l d i n g s  are a l s o  
obta ined by r e a r r a n g i n q  the same atoms. There i s  no sense i n  which the atoms 
o f  an i n d i v i d u a l  event can be rearranged,  bu t  t h i s  lapse i n  the analogy i s  
no t  r e l e v a n t ,  as w i l l  become c l e a r  s h o r t l y .  The example below o f  quantify in^ 
over bunches o f  leaves i s  more l i k e  events i n  t h i s  respec t ,  A l thoush the 
leaves o f  a  bunch can be rearranged,  a  new bunch i s  no t  ob ta ined,  
d i f f e r e n t  l o c a t i o n s .  Sentence (136) has an i n t e r p r e t a t i o n  t h a t  i s  t r u e  i f  
every one o f  the cons t ruc ted  b u i l d i n g s  i s  s i x  s t o r i e s  t a l l .  The domain o f  
the  q u a n t i f i e r  a l l  the i l l e ~ a l  b u i l d i m  thus  i nc ludes  o n l y  the cons t ruc ted  
b u i l d i n g s .  Note t h a t  i f  the domain i nc luded  a l l  combinat ions o f  rooms, (136) 
c o u l d  no t  have a  t r u e  i n t e r p r e t a t i o n ,  f o r  some combinat ions o f  rooms arc 
s u r e l y  no t  s i x  s t o r i e s  t a l l .  1n t h i s  c o n t e x t ,  the i n d i v i d u a l s  are a c t u a l ;  
the combinat ions o f  atoms t h a t  are q u a n t i f i e d  over are s imply  those t h a t  
correspond t o  e x i s t i n g  i n d i v i d u a l s .  
Another example f o r  the comparison o f  p o s s i b l e  and ac tua l  i n d i v i d u a l s  i s  
(1371, s a i d  w h i l e  s tand ing  be fo re  a  t r e e  densely covered w i t h  leaves:  
( 137) A1 1  the bunches o f  leaves ? a r g e r  than th ree are a1 l e r q e n i c  
I n  t h i s  example, the  i n d i v i d u a l s  q u a n t i f i e d  over are  bunches o f  leaves,  and 
the atoms are leaves on the t r e e .  The t r u t h  o f  (137) depends on every 
combinat ion o f  leaves, any one o f  which f a l s i f i e s  (137) i f  i t  con ta ins  more 
than th ree leaves and f a i l s  t o  be a l l e r g e n i c .  Among the p o s s i b l e  bunches i n  
the  domain o f  the q u a n t i f i e r  are those which c o u l d  n o t  e x i s t  a t  the same t ime 
i f  the leaves on the t r e e  were a c t u a l l y  segregated. Incompat ib le  bunches 
r e q u i r e  a t  l e a s t  one l e a f  t o  be i n  d i f f e r e n t  l o c a t i o n s  a t  the same t ime. 
Compare now a con tex t  f o r  (138) i n  which the f a l l e n  leaves o f  the 
a l l e r g e n i c  t r e e  have been raked  up i n t o  severa l  bunches s c a t t e r e d  on the 
l awn r 
(138) A l l  the bunches o f  leaves ton  the lawn) are a l l e r g e n i c  
Assuminq t h a t  (137) s t i l l  c h a r a c t e r i z e s  the a l l e r g e n ,  (138) i s  t r u e  i f  each 
o f  the bunches one sees on ' t h e  lawn c o n t a i n s  more than th ree leaves.  The 
sentence i s  n o t  f a l s i f i e d  by the one-, two- or  th ree-  l e a f e d  bunches t h a t  can 
be c rea ted  f rom the a c t u a l  bunches l y i n g  there .  The domain o f  the q u a n t i f i e r  
a l l  the bunches o f  leaves ton  the lawn) i s  thus  no t  c losed  under combinat ions 
o f  tho r t u n s .  Note t h a t  the  domain o f  ac tua l  bunches i s  e s s e n t i a l l y  a  
p a r t i t i o n  o f  ti14 rtoms on the  lawn, s ince  no l e a f  i s  i n  two p laces a t  once. 
A domain o f  ac tua l  i n d i v i d u a l s  observed a t  a  g iven munent wi 11 always have 
the  p r o p e r t y  t h a t  i t  a t t r i b u t e s  t o  none o f  i t s  atoms more than one l o c a t i o n .  
T h i s  p r o p e r t y  h o l d s  a t  every i n s t a n t  even o f  s t u f f  i n  constant  f l u x ,  l i k e  the 
b i t s  o f  g lass ,  the atoms, c o n s t a n t l y  reg roup ing  i n  a  kale idoscope t o  form new 
c l u s t e r s ,  the  i n d i v i d u a l s .  
For the argument o f  subsequent s e c t i o n s  i n  favo r  o f  event l o g i c ,  two p o i n t s  
about i n d i v i d u a l s ,  events  i n  p a r t i c u l a r ,  w i l l  be c r u c i a l ,  namely t h a t  there  
are domains o f  i n d i v i d u a l s  n o t  c losed  under recombinat ions  o f  t h e i r  atoms and 
t h a t  t he re  are i n t e r p r e t a t i o n s  f o r  sentences i n  which q u a n t i f i c a t i o n  i s  over 
such domains. We w i l l  n o t  need t o  r e l y  on any p a r t i c u l a r  method o f  
q u a n t i f y i n g  over p o s s i b l e  and a c t u a l  i n d i v i d u a l s ;  however, i t  may be h e l p f u l  
t o  ment ion two d i f f e r e n t  approaches t o  q u a n t i f y i n g  over p o s s i b l e s  and 
ac tua ls .  
b l0n tagu~  (1974a,b) proposes t h a t  a  p r e d i c a t e  EaI which a t t r i b u t e s  
ex is tence,  p i c k s  ou t  the a c t u a l  i n d i v i d u a l s  from a  l a r g e r  dorllain t h a t  
i nc ludes  a l l  p o s s i b l e  i n d i v i d u a l s .  Thus, q u a n t i f i e r  expressions such as ' a l l  
the  i l l e g a l  b u i l d i n g s n  and " a l l  the bunches o f  leaves (on the lawn) are 
ambiquous between the  two i n t e r p r e t a t i o n s  i n  (139) and (140). (139) con ta ins  
q u a n t i f i e r s  over p o s s i b l e  i n d i v i d u a l s ,  and (140) con ta ins  q u a n t i f i e r s  over 
ac tua l  i n d i v i d u a l s ;  
( 139) a. (poss ib les )  [Ax:  i l l e g a l  b u i l d i n q ( x l 1  
b.  t p o s s i b l e s )  [Ax:  bunch o f  leaves (on the l a w n ) ( x ) l  
(140) a. ( a c t u a l s )  [ A x :  i l l e q a l  b u i l d i n q ( x 1  8 E ( x ) l  
b. ( a c t u a l s )  [ A x :  bunch o f  leaves (on the  lawn)<x)  & E ( x ) l  
When tho q u a n t i f i e r  i n  (1361, " a l l  the i l l e q a l  b u i l d i n g s n ,  i s  i n t e r p r e t e d  as 
i n  (140a) i t s  domain i nc ludes  j u s t  the cons t ruc ted  b u i l d i n g s ,  s ince o n l y  
these e x i s t .  S i m i l a r l y ,  when (138) 's  q u a n t i f i e r  i s  i n t e r p r e t e d  accord ing t o  
t140b), i t  q u a n t i f i e s  o n l y  over the bunches on the lawn, s ince the o ther  
bunches one might  form f rom these same leaves do n o t  e x i s t .  
An a l t e r n a t i v e  approach, more i n  l i n e  w i t h  Hazen's (1976) d iscuss ion o f  
modal l o g i c ,  r e l i e s  on the  p r o p e r t y  t h a t  a t  any moment a  domain o f  ac tua l  
i n d i v i d u a l s  a t t r i b u t e s  t o  none o f  i t s  atoms more than one l o c a t i o n .  Def ine  a  
r e i f i c a t i o n  t o  be any d m a i n  o f  i n d i v i d u a l s  t h a t  has t h i s  p r o p e r t y .  I t  w i l l  
more or  p a r t i t i o n  the  atoms. Tor examples (135) and (136), any way 
i n  which one c o u l d  a c t u a l l y  assemble a l l  the  rooms f rom the warehouse i n t o  
b u i l d i n q s  i s  a  r e i f i c a t i o n ,  For examples (137) and (1381, each r e i f i c a t i o n  
i s  a  d i f f e r e n t  way o f  a c t u a l l y  seg rega t ing  the leaves o f  the t r e e  i n t o  
bunches. On t h i s  approach, q u a n t i f y i n g  over p o s s i b l e  i n d i v i d u a l s  i nvo lves  a  
modal opera tor ;  q u a n t i f i e r s  n o t  w i t h i n  the scope o f  the modal opera tor  have a 
domain o f  ac tua l  i n d i u i d u a l s .  Thus, 'a11 the i l l e g a l  b u i l d i n q s  are 
monstrous' and 'a1 1  the bunches o f  leaves are a1 l e r g e n i c U  are ambiquous 
between the i n t e r p r e t a t i o n s  i n  (141) and (142). The modal opera tor  R should 
33. More or  l ess ,  becauso o f  cases such as two b u i l d i n q s  t h a t  share a  
connect ing  c o r r i d o r .  The atomic rooms fo rm ing  the  c o r r i d o r  belong t o  bo th  
b u i l d i n g s .  Note t h a t  tho requirement t h a t  no atom occupy more than one 
l o c a t i o n  i s  s t i l l  observed--hence, t h i s  p r o p e r t y  i s  the one d e f i n i n g  
r e i f i c a t i o n s .  
mean ' i n  any r e i f i c a t i o n . '  
(141) a. (poss ib les )  RICAx: i l l e q a l  b u i l d i n g ( x ) l  i s  m o n s t r o u s ~ x ) l  
b.  (poss ib les )  RCLAx: bunch o f  l e a u e s ( x ) l  i s  a l l e r g e n i c ( x ) l  
t 142) a. ( a c t u a l s )  [Ax: i l l e q a l  b u i l d i n q ( x ) l  i s  monstrous(x) 
b. ( a c t u a l s )  [Ax: bunch o f  l e a u e s ( x ) l  i s  a l l e r q e n i c ( x )  
There i s  always an i m p l i c i t  modal opera tor  whenever a  sentence i s  understood 
t o  be about p o s s i b l e  i n d i u i d u a l s ,  The i n t e r p r e t a t i o n s  o f  (141) are 
paraphrased by " i n  any way there  c o u l d  be i l l e g a l  b u i l d i n g s ,  a l l  o f  them are 
monstrousu and ' i n  any way there  c o u l d  be bunches o f  leaues, a l l  o f  them are 
a l l e r g e n i c . '  
We r e t u r n  now t o  euents. Whateuer the method o f  q u a n t i f y i n g  over p o s s i b l e  
and ac tua l  i n d i v i d u a l s ,  events  are  l i k e  o the r  i n d i u i d u a l s .  Q u a n t i f i c a t i o n  
over events a l s o  d i s t i n g u i s h e s  between the p o s s i b l e  and ' the  a c t u a l .  We 
c o n s t r u c t  app rop r ia te  con tex ts ,  f i r s t  i l l u s t r a t i n g  a domain o f  p o s s i b l e  
euents. 
Suppose t h a t  s t a l l s  f o r  an abba to i r  are manufactured so t h a t  each ho lds  one 
hog a t  a  t ime. T h i s  one-on-one r e l a t i o n s h i p  between s t a l l s  and hogs has f o r  
a  consequence the event-dependent i n t e r p r e t a t i o n s  o f  the sentences i n  (143) :  
(143)One hog (can f i t /  f i t s }  i n t o  one s t a l l  a t  a  t ime 
One s t a l l  (can be / i s )  f i l l a d  up w i t h  one hog a t  a  t ime 
Two hogs (can) f i t  i n t o  two s t a l l s  a t  the  same time.., 
Two s t a l l s  (can be/are l  f i l l e d  up w i t h  two hogs a t  the same time 
n  hogs (can) f i t  i n t o  q s t a l l s  a t  the same t ime 
s t a l l s  (can be/are} f i 1 l e d  up w i t h  n hogs a t  the same t ime 
The event-dependent i n t e r p r e t a t i o n  i s  paraphrased by (144):  
(144)Wheneuer the re  i s  a f i t t i n g  o f  hogs i n t o  q s t a i l s  a t  the same t ime,  
n hogs f i t  i n t o  them. 
Whenever there  i s  a f i l l i n g  up o f  s t a l l s  by n hogs a t  the same t i m e ,  
n s t a l l s  are f i l l e d  up w i t h  them. 
For any g iven he rd  o f  hogs and a v a i l a b l e  s t a l l s ,  a sentence i n  (143)  c o u l d  be 
f a l s i f i e d  by any conceivable combinat ion o f  the hogs and s t a l l s .  Thus, the 
l a s t  sentence i s  f a l s i f i e d  i f  one can f i n d  any g among the g iven s t a l l s  which 
can be f i l l e d  up w i t h  o the r  than n o f  the  hogs. 
I n  the  preced ing example, the  p o s s i b l e  events  q u a n t i f i e d  over do no t  
combine a l ready  e x i s t i n g  atomic events. They are o n l y  what cou ld  p o s s i b l y  be 
done t o  any combinat ion o f  p o s s i b l e  p a r t i c i p a n t s  m o n q  tbe g iven hogs and 
s t a l l s .  We can a l s o  p rov ide  a con tex t  o f  a l ready  e x i s t i n g  atomic events,  
canb ina t ions  o f  which make up the  p o s s i b l e  events.  Suppose t h a t  hogs have i n  
f a c t  been s laugh te red  i n  s t a l l s .  We can cons ider  as an atomic event the 
p e r i o d  be fo re  s laugh te r  when a s i n g l e  s t a l l  was f i l l e d  up w i t h  however 
hogs i t  accaoda ted .  These atomic events  e x i s t  s ince hogs have been 
s laugh te red  i n  s t a l l  s. 
Reca l l  t h a t  we have i n  mind the  event-dependent i n t e r p r e t a t i o n s  o f  ( 1 4 3 )  
which fol:ow f rom the one-on-one r e l a t i o n s h i p  between s t a l l s  and hogs. These 
i n t e r p r e t a t i o n s  are  meant t o  be general  laws t h a t  h o l d  i n  a r b i t r a r y  
s i t u a t i o n s .  What i n  the  s i t u a t i o n  i n  which hogs have been s laughtered would 
d i s c o n f i r m  these i n t e r p r e t a t i o n s ?  T h i s  i n t e r p r e t a t i o n  o f  the l a s t  sentence 
o f  (143) would be f a l s i f i e d  i f  anr combinat ion o f  q atomic events, among the 
e x i s t i n g  ones d e f i n e d  above, took p lace  a t  the same t ime and invo lved  o ther  
34. Since s laugh te r  ensues, the s t a l l  i s  n o t  empty. 
than fi hogs. Thus, the domain o f  p o s s i b l e  events  i nc ludes  recombinat ions o f  
the atoms. 
To compare a domain o f  a c t u a l  euents, assume t h a t  one i s  speaking o f  the 
opera t i ons  o f  a p a r t i c u l a r  abba to i r  which f o l l o w s  a p a r t i c u l a r  schedule, 
s l a u g h t e r i n g  hogs i n  a succession o f  sessions.  The ac tua l  events  can be 
understood t o  correspond t o  the  sessions,  so t h a t  the event-dependent 
i n t e r p r e t a t i o n  o f  (145) i s  t r u e  i f  a t  each sess ion twen ty - f i ve  hoqs f i t  i n t o  
s t a l l  s:  
( 145) Twenty- f iue hogs f i t  i n t o  s t a l l s  
"Wheneuer there  i s  a f i t t i n g  o f  hogs i n t o  s t a l l s ,  twenty- f iue  hogs f i t  i n t o  them.' 
Note t h a t  t h i s  i n t e r p r e t a t i o n  i s  no t  f a l s i f i e d  because one can f i n d  a session 
i n  which some proper subset o f  the  s t a l l s  used d i d  n o t  h o l d  twen ty - f i ve  
hogs. Every event i n  the  domain must i nc lude  a l l  the s t a l l s  used i n  some 
session and a l l  the  hoqs h e l d  i n  t h a t  session.  Al though proper p a r t s  o f  
these events would a l s o  s a t i s f y  the  p r e d i c a t e  f i t  i n t o  s t a l l s ( e 1 ,  they are 
n o t  i n d i v i d u a l s  i n  the understood sequence o f  events. 35 ~ h u s  i n  some 
c o n t e x t s  there  can be a domain o f  i n d i v i d u a l  events t h a t  i s  no t  c losed  under 
combinat ions o f  i t s  atoms. 
A s  remarked e a r l i e r ,  what w i l l  be c r u c i a l  i n  f u t u r e  s e c t i o n s  i s  t h a t  a 
sentence can be i n t e r p r e t e d  w i t h  respec t  t o  a p a r t i c u l a r  d m a i n  o f  i n d i v i d u a l  
35. E x p l i c i t l y  adding " i n  a session'  t o  (1451, 
Twenty- f iue hogs f i t  i n t o  s t a l l s  i n  a session 
'Whenever the re  i s  a f i t t i n g  o f  hogs i n t o  s t a l l s  i n  a session.. . ' ,  
w i l l  n o t  e l i m i n a t e  the unwanted proper  p a r t s ,  s ince  these too  were a l l  i n  
sane session o r  another. 
events t h a t  excludes a l t e r n a t i v e  combinat ions o f  t h e i r  p a r t s .  Events, as we 
have seen, a re  no d i f f e r e n t  f rom o the r  i n d i v i d u a l s  i n  a l l o w i n q  t h i s  or  i n  
a l l o w i n g  q u a n t i f i c a t i o n  over a l l  poss ib les .  
The domains o f  events  on which we w i l l  r e l y  a re  c o n t e x t u a l l y - s p e c i f i e d  
proper subsets o f  the p o s s i b l e  events  t h a t  c o u l d  be ob ta ined  f rom a l t e r n a t i v e  
cunb ina t ions  o f  t h e i r  p a r t s .  I t  i s  s u f f i c i e n t  f o r  us  t h a t  the domains 
s p e c i f i e d  i n  these examples are  judged acceptable;  b u t ,  as p a r t  o f  a  l a r g e r  
i n t e r e s t  i n  events, one c o u l d  ask whether any proper subset o f  the poss ib le  
events  can be a c o n t e x t u a l l y - s p e c i f i e d  domain o f  ac tua l  events. 
A l l  the  domains o f  events  c o n t r i v e d  i n  t h i s  work have the p r o p e r t y ,  
mentioned on p .  76, t h a t  i d e n t i f i e s  r e i f i c a t i o n s  among domains o f  
i n d i v i d u a l s ,  No atomic events, no e v e n t - s t u f f ,  i s  assigned more than one 
l o c a t i o n .  Since events  a re  thought o f  as d i s c r e t e  and d i f f e r e n t  events have 
d i f f e r e n t  spat io- temporal  locations3', a  r e i f  i c a t  ion  o f  events w i l l  p a r t i t i o n  
whatever event p a r t s  the re  are.  I t  may be a  general c o n s t r a i n t  on how one 
t h i n k s  about a c t u a l  events t h a t  every domain must be a  r e i f i c a t i o n .  I know 
o f  no counterexample. 
I f  one can d e f i n e  r e i f i c a t i o n s  o f  euents, q u a n t i f y i n g  over ac tua l  and 
p o s s i b l e  events i s  open t o  bo th  o f  the t rea tments  seen e a r l i e r  f o r  
q u a n t i f y i n g  over ac tua l  and p o s s i b l e  o b j e c t s .  Thus the event-dependent 
i n t e r p r e t a t i o n s  o f  (1451, which q u a n t i f y  over ac tua l  and poss ib le  events mar 
be t r e a t e d  by e i t h e r  (146) o r  (!47). 
36. That i s  they d i f f e r  on a t  l e a s t  one dimension or  the o the r .  Thus, 
d i s t i n c t  events  i n  the  same p lace occur a t  d i f f e r e n t  t imes,  and d i s t i n c t  
events a t  the same t ima occur i n  d i f f e r e n t  p laces.  
(14d) (poss ib les)  [Ee f i t ( e ) :  i n t o ( e ,  s t a l l s ) ]  INFL(e, twenty- f iue  hogs) 
( a c t u a l s )  [Eo f i  t ( e ) :  i n to (e ,  s t a l l s )  & E ( e ) l  INFLCe, twenty- f  i v e  hoqs) 
(147) (poss ib les)  RlEe f i t ( e 1 :  i n t o ( e ,  s t a l l s ) ]  INFL(e, twen ty - f i ue  hogs) 
( a c t u a l s )  tEe f i t ( e ) :  i n t o ( e ,  s t a l l s ) ]  INFL(e, twen ty - f i ve  hogs) 
Other p l a u s i b l e  c o n s t r a i n t s  on domains o f  ac tua l  events  can be 
a n t i c i p a t e d ,  Reca l l  the  e a r l i e r  f i g u r e  o f  t en  atomic events,  each o f  which 
was a  l o a d i n g  o f  one t r u c k  by severa l  t r u c k e r s :  
Any combinat ion o f  these atoms i s  a  p o s s i b l e  event denoted by the p r e d i c a t e  
load(ed) up one o r  more t rucks (e ) .  There are many r e i f i c a t i o n s  o f  these 
atoms t h a t  i n  some con tex t  o r  another m igh t  be taken t o  be the ac tua l  events 
denoted by load(ed) up one o r  more trucks(&. I n  one c o n t e x t ,  f o r  example, 
a l l  t en  atoms might  be p a r t  09 one such event ,  ev r;! another con tex t ,  each 
atom might  be a d i s t i n c t  ac tua l  event .  As remarked e a r l i e r ,  a v a r i e t y  o f  
r e i f i c a t i o n s  w i l l  always be a v a i l a b l e  ahatever sca le  l o c a t e s  the a tmr i c  
events o f  (132) i n  t ime and space. 
Suppose now t h a t  (132) i s  a  temporal sequence. I t  seems u n l i k e l y  t h a t  
t he re  c o u l d  be a domain o f  a c t u a l  events  t h a t  p a r t i t i o n s  the odd atoms i n t o  
one i n d i v i d u a l  event and the even atoms i n t o  another ,  a1 thouglr such a  domain 
would be a  r t i f i c a t i o n .  I+ i t  i s  t r u l y  impossib le,  there  are o ther  
c o n s t r a i n t s  t h a t  a f f e c t  our concept ion  o f  a  domain o f  ac tua l  euents, What 
t h i s  case suggests i s  t h a t  an ac tua l  event i s  thought o f  as a  cont inuous 
r e g i o n  i n  which i t s  c o n s t i t u e n t  a c t i v i t i e s  take p lace and t h a t  the ac tua l  
events  i n  a  p a r t i c u l a r  d m a i n  do n o t  ove r lap .  
One must.be c a r e f u l  i n  r u l i n g  out  over lap .  As presented,  (132: i s  t o  be 
thought o f  as a t ime l i n e ,  suppressing l o c a t i o n  i n  space. Suppose t h i s  
dimension were made e x p l i c i t ,  as i n  (1481, r e v e a l i n g  t h a t  the odd atomic 
events  were i n  one p lace  and the even atomic events  i n  another: 
Then, i t  seems p o s s i b l e  t o  cons ider  t h e i r  p a r t i t i o n  i n t o  two ac tua l  events 
accord ing t o  t h e i r  l o c a t i o n  i n  space. The events  s t i l l  over lap  i n  tirne; 
however, they do occupy cont inuous r e g i o n s  o f  spare-t ime t h a t  do no t  
over lap .  (149) i s  an example o f  unacceptable ove r lap  i n  two dimensions. 
Four atomic events are p a r t i t i o n e d  i n t o  two ac tua l  events.  The o ther  
p a r t i t i o n s  y i e l d  acceptable domains. 
One would need t o  have an e s p e c i a l l y  robus t  mental p i c t u r e  o f  events t o  
accomodate these i n t u i t i o n s  i f  they s u r v i v e  s c r u t i n y .  The mental con tex t  f o r  
i n t e r p r e t i n g  a sentence would inc lude no t  j u s t  a domain o f  ac tua l  events bu t  
a l s o  a p a r t i c u l a r  k i n d  'of space on which they are located--  temporal,  
s p a t i a l ,  o r  spat io- temporal  p r o j e c t i o n s .  Whether the c o n s t r a i n t  aga ins t  
over lap  or  o the r  c o n s t r a i n t s  govern our c o g n i t i o n  o f  events w i l l  o f  course be 
l e f t  open here. For the l o q i c  o f  p l u r a l i t y ,  i t  s u f f i c e s  t h a t  events e x i s t  
and t h a t  contextual ly-dependent  domains o f  events  are no t  c losed  under any 
opera t i on  recombining t h e i r  p a r t s .  Events i n  t h i s  respec t  are j u s t  l i k e  
o the r  i n d i u i d u a l s ,  
I t  may be h e l p f u l  i n  canpar ing  event l o g i c  and se t -denota t ive  l o g i c  t o  t r y  
t o  separate d i fSerences o f  l o g i c a l  form f rom d i f f e r e n c e s  o f  i n t e r p r e t a t i o n .  
A p a r t i c u l a r  system o f  i n t e r p r e t a t i o n  may be r e a l i z e d  by d i f f e r e n t  systems o f  
l o g i c a l  form, and our eventual  i n t e r e s t  i s  t o  f i n d  the c o r r e c t  l o g i c a l  9orm 
f o r  event l o q i c ,  
I w i l l  i l l u s t r a t e  what I mean by d i f f e r e n t  l o g i c a l  forms f o r  the same 
system o f  i n t e r p r e t a t i o n  w i t h  an example f rom the l i t e r a t u r e ,  A l l e n  Hazen's 
t 1976) nExpressi ve C m p l  eteness i n  Modal ~ a n ~ u a ~ e  . ~ ~ ' l ~ h e  sentences expressed 
w i t h i n  the v a r i o u s  systems o f  l o g i c a l  form t h a t  he cons iders  are a l l  
i n t e r p r e t e d  w i t h  respec t  t o  p o s s i b l e  wor lds  and t h e i r  i n d i u i d u a l s .  I n  
p a r t i c u l a r ,  he f i x e s  t h a t  i n t e r p r e t a t i o n  q u a n t i f i e s  over wor lds .  I t  is a  
ques t ion  o f  l o g i c a l  form whether t h i s  q u a n t i f i c a t i o n  over wor lds  i s  r e a l i z e d  
by e i t h e r  the modal language o r  the language w i t h  e x p l i c i t  v a r i a b l e s  f o r  
wor lds,  which f o l l o w .  
---------- 
37. K m p  (1968) i n v e s t i q a t e s  a  s i m i l a r  problem. 
The modal language rep resen ts  the q u a n t i f i c a t i o n  over wor*lds w i t h  modal 
ope ra to rs  L and M f o r  which Hazen q i v e s  the c o n d i t i o n s  i n  (150): 
(150) 'A n e c e s s i t a t e  tL41 i s  t r u e  a t  a  w o r l d  and on an assignment 
if and o n l y  i f  i t s  m a t r i x  [ * I  i s  t r u e  on t h a t  assiqnment a t  every 
world. '  
'A p o s s i b i l i t a t e  IM+I i's t r u e  a t  a w o r l d  and on an assiqnment i f  
and on:y i f  the re  i s  some w o r l d  a t  which i t s  m a t r i x  I41 i s  t r u e  
on t h a t  assignment.' 
The e x p l i c i t l y  q u a n t i f i c a t i o n a l  language c o n t a i n s  u n i v e r s a l  (&J) and 
e x i s t e n t i a l  (Ew) q u a n t i f i e r s  t h a t  b i n d  v a r i a b l e s  whose vs lues  are wor lds.  I n  
a d d i t i o n ,  t h i s  language c o n t a i n s  a  r e l a t i o n  'Ixw' t h a t  i s  t r u e  o f  an 
i n d i v i d u a l  and a  w o r l d  j u s t  i n  case t h a t  i n d i v i d u a l  i s  i n  t h a t  wor ld .  
Al though bo th  o f  these languages q u a n t i f y  over p o s s i b l e  wor lds ,  t h e i r  
expressive power i s  d i f f e r e n t .  Hazen shows t h a t  e v e r y t h i n g  i n  the modal 
language has a  t r a n s l a t i o n  i n t o  the e x p l i c i t l y  q o a n t i f i t a t i o n a l  one--for 
example, 'L Ex R(x1' i n  the modal languaqe t r a n s l a t e s  i n t o  'h Ex Ixw & 
R'xw', where 'R'xw8 means t h a t  x  i s  R a t  w--but some t h i n g s  exp ress ib le  i n  
the q u a n t i f i c a t i o n a l  language are n o t  exp ress ib le  i n  the modal, One example, 
paraphrased by ' there  i s  a  w o r l d  t h a t  has a  common member w i t h  every w o r l d n ,  
i s  expressed i n  the q u a n t i f i c a t i o n a l  l a n g u a ~ e  by 'Ew'hEx ( I xw  4 I x w ' ) . "  The 
modal language cannot t r a n s l a t e  the c o n s t i t u e n t  'Ex(1xw & Ixw ' ) "  which 
expresses a  r e l a t i o n  t h a t  h o l d s  between wor lds .  
I n  c o n t r a s t  t o  what I have c a l l e d  a  d i f f e r e . l c e  o f  l o g i c a l  form between the 
modal and q u a n t i f i c a t i o n a l  languages, se t -deno ta t i ve  l o q i c  and event l o q i c  
a l s o  d i f f e r  i n  i n t t r p r e t a t i o n .  There i s  no t r a n s l a t i o n  between them. As we 
have seen, t h e i r  analyses o f  p l u r a l s  assume d i f f e r e n t  o n t o l o q i e s ,  t h a t  i s ,  
events as opposed t o  s e t s  o f  i n d i v i d u a l s ,  and a  d i f f e r e n t  view o f  the 
s t r u c t u r e  o f  po lyadic  p red ica tes  i n  na tu ra l  language ( c f .  (38) and ( 4 1 ) ) .  
The o v e r a l l  p lan  o f  the f o l l o w i n g  chapters i s  t o  f i r s t  e s t a b l i s h  the event 
l o g i c ' s  i n t e r p r e t a t i o n s  and t h e n  t o  defend the more syn tac t i c  aspects o f  i t s  
systom of  l o g ~ c a l  form. 
Chapter 4 
Euidence f o r  events  
Reca l l  the general c h a r a c t e r i s t i c s  o f  event l o q i c .  There are domains o f  
i n d i v i d u a l  o b j e c t s  and domains o f  i n d i v i d u a l  events  w i t h  the p r o p e r t i e s  
'd iscussed i n  the preced ing s e c t i o n ,  The o n l y  s e t - l i k e  i n d i v i d u a l s  are 
events,  which 'conta in '  t h e i r  p a r t i c i p a n t s .  There are no se ts ,  nor sums, nor 
c lasses  o therwise  d e f i n e d  o f  i n d i v i d u a l  o b j e c t s .  
Reca l l  a l s o  t h a t  the main ' t r i c k '  beh ind event l o q i c  uses events t o  m e d ~ a t e  
the expresssion o f  r e l a t i o n s  amortg p l u r a l  i t i e s .  
:31) Three aqents s o l d  twen ty - f i ve  b u i l d i n q s  t o  two inves to rs .  
(32) Ee Le was a  s e l l i n g  & e's s e l l e r s  were th ree  agents & 
e's s e l  l e e s  were two i n v e s t o r s  & e's s o l d  were twenty-f  i ve bu i 1 d i  nqs. I 
Thus, the  f a c t  t h a t  the  th ree  agent 's s e l l i n g  was o f  the t w e ~ t y - f i v e  
b u i l d i n g s  and t o  the two i n v e s t o r s  i s  k n w n  f rom the p a r t i c i p a t i o n  o f  asentc,  
b u i l d i n g s  and i n v e s t o r s  i n  the same euent.  In event l o q i c ,  there  are no 
atomic r e l a t i o n s  t h a t  denote n - tup les  o f  se ts .  
The appearance o f  q u a n t i f y i n g  over s e t s  o f  i n d i v i d u a l  o b j e c t s  i s  e n t i r e l y  
d o r i v e d  f rom q u a n t i f y i n g  over the events  i n  which i n d & ~ i d u a l  o b j e c t s  
p a r t i c r p a t o .  P l u r a l  NPs are p r e d i c a t e s  t r u e  o r  f a l s e  o f  an event 's  
p a r t i c i p a n t s ,  as s u g g g ~ s t e d  by the paraphrase i n  (32)  and discussed i n  sec. 
The a n a l y s i s  o f  p l u r a l i t y  i n  se t -denota t iue  l o g i c  i s  d i f f e r e n t  i n  a  number 
o f  respects .  P l u r a l s  are  q u a n t i f i e r s  over a  domain o f  s e t s  o f  i n d i v i d u a l s .  
These s e t s  are accorded the same o n t o l o g i c a l  s t a t u s  as i n d i v i d u a l  o b j e c t s .  
They are  J u s t  i n d i v i d u a l  o b j e c t s  o c c u r r i n q  together  i n  some sense. I n  f a c t ,  
i n  r m e  ve rs ions  o f  se t -denota t iue  l o g i c ,  e.g., Scha (1981), i n d i v i d u a l  
o b j e c t s  are i d e n t i f i e d  w i t h  s i n g l e t o n  s e t s  r a t h e r  than e x i s t  as members o f  a  
d i s t i n c t  tyde o r  s o r t .  
Set -denota t ive  l o g i c  a l s o  ma in ta ins ,  agree ing w i t h  s tandard  assumptioc 
0 . 1 . ,  the p o l y a d i c i t y  o f  a  uerb. Thus, a  ve rb  i n  g places,  occupied by g 
p l u r a l s  expresses an atomic r e l a t i o n  t h a t  denotes an n - tup le  o f  se ts .  
Reca l l  the  f o l l o w i n g  c lauses  accord ing t o  which the p l u r a l  q u a n t i f i e r s  i n  
38. se t -deno ta t i ve  l o g i c  are  i n t e r p r e t e d  . 
38. A non- increas ing q u a n t i f i e r  e s t a b l i s h e s  an upper bound on the ex tens ion 
o f  the p red ica tes  & i s  t r u e  o f  C and no o the rs .  Hence, the c lauses i n  (16) 
( c f .  ( (192))  must take i n  e v e r y t h i n g  t h a t  i s  4 .  Some o f  the non- increas inq 
q u a n t i f i e r s ,  those which are here c a l l e d  non-decreasing, e s t a b l i s h  a t  the 
same t ime a  lower bound on the ex tens ion o f  the p r e d i c a t e ,  r e q u i r i n g  a t  l e a s t  
some non-empty C t o  be #.  Decreasing q u a d t i f i e r s  a l l o w  the ex tens ion o f  the 
p r e d i c a t e  t o  be empty. few c r i t i c s  and none o f  the  book2 are examples o f  
decreasing q u a n t i f i e r s ,  and e x a c t l y  ten  c r i t i c s  i s  a  non- increasing,  
non-decreasing q u a n t i f i e r .  I n c r e a s i n g  q u a n t i f i e r s ,  as the e x i s t e n t i a l  
q u a n t i f i c a t i o n  i n  (15) ( c f .  (151))  shows, e s t a b l i s h  a  l w e r  bound but  impose ' 
no upper bound. Examples are ten  c r i t i c s ,  the boys and some b o a q .  
( i )  NP i s  non- increas ing i f  i t  e s t a b l i s h e s  an. upper bound 
PJP i s  i n c r e a s i n q  i f  i t  does not e s t a b l i s h  an upper bound 
(15) I n c r e a s i n g  q u a n t i f i e r s .  
a. (und iv ided  re fe rence  t o  a  denotatum) 'IQ N'1 @(XI' i s  t r u e  i f f  
$01- sane ( c l a s s )  c ,  c  i s  IQ N'l-many, and ' $ (c ) '  i s  t r u e .  
b .  ( d i v i d e d  re fe rence  t o  denotata)  ' [ Q  N ' l  0 (x ) '  i s  t r u e  i f f  
f o r  some (c lasses )  cl, ..., c  ,..., the un ion o f  cl, ..., ck,  ... i s  C Q  N'l-man 
and 'O(cl)' i s  true...and 'Y(cy) '  i s  true.. . .  
(16) Non- increasing q u a n t i f i e r s .  
a. (event-dependent) 'CQ N ' l  @ ( x ) '  i s  t r u e  i f f  
every ( c l a s s )  c  such t h a t  "6 (c ) "  i s  t r u e  i s  IQ N'l-many. 
b. (non-euent-dependent) 'CQ N ' l  4 (x ) '  i s  t r u e  i f f  
the un ion o f  a11 c lasses  c  such t h a t  'O(c)' i s  t r u e  i s  10 N'l-many, 
The i n t e r p r e t a t i o n s  ob ta ined  f rom these c lauses are summarized i n  (151) and 
(192), where p and = are  v a r i a b l e s  o v e ,  se ts ,  and x i s  a  v a r i a b l e  over 
i n d i v i d u a l  o b j e c t s :  
( 151 I n c r e a s i n g  q u a n t i f i e r s .  
a. (und iv ided  re fe rence)  Er ( t Q  N ' l ( r )  & O ( r ) )  
b. ( d i v i d e d  re fe rence)  Es ( C Q  N ' l ( s )  8 Ax(xCs + E r ( x C r ' &  cCs h O ( r ) ) ) l  
( 152) Non- increasing q u a n t i f i e r s .  
a. (event  -dependent Ar t # ( r )  + C Q  N ' l ( r ) )  
b.(non-eu.-dep,) EsttCQ N ' l ( s )  & A r t @ ( r )  + rCs>)  & A t ( (A r (O( r )  + r C t )  + s & t l )  39 
NP i s  non-decreasinq i f  i t  e s t a b l i s h e s  a  lower bound 
NP i s  decreas inq i f  i t  does no: e s t a b l i s h  a  lower bound 
No NP i s  bo th  i n c r e a s i n g  and decreasing.  
39. The l a s t  con janc t ,  'At(. . . ) ' ,  guarantees t h a t  5 i s  the l e a s t  upper bound 
on tho ex tens ion o f  the  p red ica te .  T h i s  c lause i s  o t i o s e  i n  the 
i n t e r p r e t a t i o n  o f  decreasing q u a n t i f i e r s ;  i t  i s  necessary f o r  non- increasing,  
non-decreasing q u a n t i f i e r s  such as e x a c t l y  ten  c r i t i c s .  
( i )  E x a c t l y  ten  c r i t i c s  l e f t  
Otherwise, there  c o u l d  be a  s e t  g ' ,  s a t i s f y i n g  the non-euent-dependent t r u t h  
c o n d i t i o n s  f o r  ( i ) ,  which conta ined a l l  c r i t i c s  t h a t  l e f t  and conta ined 
e x a c t l y  ten  c r i t i c s ,  a l though some o f  i t s  member c r i t i c s  d i d  no t  leaue. 
(16b), because i t  i s  s t a t e d  i n  terms u f  the un ion o f  j u s t  those s e t s  t h a t  
s a t i s f y  the p r e d i c a t e ,  w i l l  n o t  count misce l lanecus o b j e c t s .  
Note that all and only the interpretations of non-increasing quantifiers 
((152)) include a universal quantifier over sets. Increasinq quantifiers 
( (151 ) )  have only existential force. 
T h e  first two arguments and their supporting remarks are divided between 
sec. 4.2-4.5 and sec. 4.6-4.10. These arguments oppose the simple ontology 
of the set-denotative logic, which uses in its analysis of plurals a domain 
containing sets but n o  domain of events. The first two arguments show t',at 
one cannot freely quantify over a domain that comprehends all sets of 
individual objects, Quantification over sets, if it exists at all, must be 
restricted by a relationship to events ~ h i c h  these sections will establish. 
W e  will see that event logic, without further modification, respects the 
required restriction simply by quantifying over events instead of sets. An 
extension of the set-denotative logic is proposed which also has the 
potential t o  meet the required restriction by adding on a domain of events 
alongside the domain of sets. T h i s  extension is the subject of later 
sect ions. 
W e  first consider interpretations assigned by set-denotative logic which 
rro unacceptable if the domain of sets quantified over includes every set of 
individuals. Since our concern is that the domain of sets may be too large, 
i t  is not surprising that the relevant interpretations involve non-increasing 
quantifiers, which, a s  noted above ( (15211,  quantify over every set in the 
d m a i  n .  
The r e l e v a n t  i n t e r p r e t a t i o n s  are a l l  those ob ta ined  f rom the c lauses i n  
(15) and (161 t h a t  conform t o  (153): 
( 153) non- increas ing (NP i n c r e a s i n g  * decreas ing NP1 ) NP2 e 
That  i s ,  i n  any o f  these i n t e r p r e t a t i o n s  the f i r s t  q u a n t i f i e r  i n t e r p r e t e d ,  
the  one assigned the  w ides t  scope, i s  non- increasing,  and i t  may be 
i n t e r p r e t e d  e i t h e r  by (16a) as event-dependent o r  by (16b) as 
non-euent-dependent. T h i s  q u a n t i f i e r ,  NPl, i s  then f o l l o w e d  by any number o f  
i n c r e a s i n g  q u a n t i f i e r s ,  which are  f o l l o w e d  by a decreasing q u a n t i f i e r  NP2. 
NP2mar be i n t e r p r e t e d  by e i t h e r  c lause o f  (16) .  As l o n g  as the scope 
assignment o f  (1531 i s  respected,  we are  i n t e r e s t e d  i n  i n t e r p r e t i n g  the 
q u a n t i f i e r s  by a l l  canb ina t ions  ob ta inab le  f rom ( i s l a n d  (16) .  
The sentences i n  (154)-(157) are  s imple  examples where the number o f  
* inc reas ing  q u a n t i f i e r s  (NP i n  the  r e l e v a n t  i n t e r p r e t a t i o n s  i s  zero :  
(154) a. Few c r i t i c s  bought few good books 
b. Only a few c r i t i c s  bought fewer than ten  good books 
c. Not  more than ten  c r i t i c s  bought none o f  the  books 
dl E x a c t l y  ten  c r i t i c s  bouqht n o t  a l l  o f  the  good books 
(159) a. Few s tuden ts  f i t  i n t o  few phone booths 
b. Only a few s tuden ts  f i t  i n t o  fewer than ten  phone booths 
c. Not  more than ten  s tuden ts  f i t  i n t o  none o f  the phone booths 
d. E x a c t l y  ten  s tuden ts  f i t  i n t o  n o t  a l l  o f  the phone booths 
( 1561 a. Few de legates  agree ( w i t h  each o t h e r )  on few important  issues 
b. Only a few de legates  agree ( w i t h  each o t h e r )  on fewer than ten important  i ~ l ~ i s  
c,b!ot more than ten  de lagates  agree(wi th  each o t h e r )  on none o f  the important  issuc 
d. E x a c t l y  ten  de legates  agree ( w i t h  each o t h e r )  on not  a i l  o f  t i l e  important  issuer 
(157) a. Few u n i o n i s t s  ga thered a t  few r a l l i e s  
b. Only a few u n i o n i s t s  gathered a t  fewer than ten r a l l i e s  
c .  Not  more than ten  u n i o n i s t s  gathered a t  none o f  the r a l l i e s  
d. E x a c t l y  ten  u n i o n i s t s  gathered a t  no t  a l l  o f  the r a l l i e s  
I t  w i l l  now be shown t h a t  the i n t e r p r e t a t i o n s  conforminq t o  (153)  a t t r i b u t e  
t o  these sentences t r u t h  c o n d i t i o n s  they i n  f a c t  do no t  have, from which &e 
conclude t h a t  such i n t e p r e t a t i o n s  shou ld  no t  be assigned. The i n c o r r e c t  
assignment o f  these i n t e r p r e t a t i o n s  t o  sentences l i k e  (1541-(156) i s  an 
immediate e f f e c t  o f  se t -deno ta t i ve  l o g i c ,  f o l l o w i n g  f rom i t s  bas ic  
assumptions: (0.1) po l yad ic  p r e d i c a t e s  are atomic r e l a t i o n s ,  p l u r a l s  are 
q u a n t i f i e r s  accord ing t o  c lauses (15) and (16) (see 0 . 2 . 1 ,  and the domain o f  
q u a n t i f i c a t i o n  i nc ludes  any s e t  o f  i n d i v i d u a l  o b j e c t s .  40 
We demonstrate the u n a c c e p t a b i l i t y  o f  these i n t e p r e t a t i o n s  f o r  the examples 
(154a) and (154d1, which i l l u s t r a t e  the  two cases nf non- increas ing NPl: 
decreasing "few c r i t i c s "  and non-decreasing " e x a c t l y  ten  c r i t i c s u .  The 
u n a c c e p t a b i l i t y  o f  these i n t e r p r e t a t i o n s  can be demonstrated f o r  o ther  
examples i n  the same wa;v. 
I n  se t -deno ta t i ve  l o g i c ,  the  domain o f  q u a n t i f i c a t i o n  i nc ludes  any se t  o f  
i n d i v i d u a l  o b j e c t s  there  are (except  the empty s e t ) .  W e  a l l w  t h a t  the 
e x i s t i n g  o r  r e l e v a n t  i n d i v i d u a l  o b j e c t s  may depend on the contex t  f o r  the 
sentence. Thus, " few c r i t i c s n  i n  (154a) may be intended t o  mean f e w  o f  the 
c r i t i c s  a t  hand. Such dependence on con tex t ,  o f t e n  c a l l e d  domain sg!-ejti_on, 
can be thought o f  i n  terms o f  a  t a c i t  r e s t r i c t i o n  on the q u a n t i f i e r ,  as i n  
the e x p l i c i t  'few r e l e v a n i  c r i t i c s n ,  which i s  i t s e l f  contextual ly-dependent .  
Now r e l a t i v e  t o  any con tex t ,  the domain o f  q u a n t i f i c a t i o n  i n  se t -deno ta t i ve  
* 40. (153) doos n o t  s p e c i f y  the r e l a t i v e  p o s i t i o n  o t  NP1, NF and NP2 i n  the 
sur face syntax.  Thus, some r e l e v a n t  i n t e r p r e t a t i o n s  w ~ l l  i nvo l ve  " ~ n u e r t e d "  
scope assignments: i n  the sur face syntax ,  NP may, f o r  example, be super io r  2 t o  NP . I do n o t  r e l y  on the  ex i s tence  o f  such cases. I n  a l l  the 
i n t e r b r e t a t i o n s  d iscussed here,  we l e t  scope r e f l e c t  s y n t a c t i c  s u p e r i o r i t y :  
i n  (154)-(1561, NP corresponds t o  the s y n t a c t i c  sub jec t  and NP2, t o  the 
o b j e c t .  Cases of ' i n v e r t e d n  scope are i nc luded  among the r e l e v a n t  
i n t e r p r e t a t i o n s  because t h e i r  assignment w i l l  r e s u l t  i n  the same k i n d  o f  
unacceptable t r u t h  c o n d i t i o n s .  
l o g i c  i nc ludes  every subset ,  except the empty s e t ,  o f  r e l e v a n t  i n d i v i d u a l  
objects.' ' I n  demonstrat i n g  the unacceptabi 1 i!y o f  the set-denotat  iue 
i n t e r p r e t a t i o n s  assigned t o  (154a) and (154d), we w i l l  l e t  C s tand f o r  the 
s e t  o f  a l l  c r i t i c s  the re  are  i n  a  g i ven  con tex t .  C i s  o f  course the l a r g e s t  
s e t  o f  c r i t i c s  conta ined i n  any domain o f  q u a n t i f i c a t i o n .  As remarked 
e a r l i e r ,  the i n t e r p r e t a t i o n s  conforming t o  (153) i nvo lve  u n i v e r s a l  
q u a n t i f i e r s  over se ts .  Us ing C as r o a r t i c u l a r  instance o f  the s e t s  
q u a n t i f i f d  over w i l l  r evea l  an unacceptable i m p l i c a t i o n  o f  these 
i n t e r p r e t a t i o n s .  
I n  the f i r s t  case NPl i s  a  decreas ing q u a n t i f i e r  ' few c r i t i c s n .  We must 
consider  bo th  o f  i t s  i n t e r p r e t a t i o n s  i n  se t -deno ta t i ve  l o g i c ,  as an 
event-dependent q u a n t i f i e r  accord ing t o  (16a) and as a  non-event-dependent 
q u a n t i f i e r  accord ing t o  t16b).  These i n t e r p r e t a t i o n s  are equ iva len t  
r e s p e c t i v e l y  t o  (1'37) and (1581, which are ins tances o f  (152a) and (15Zb). 42 
The va lues  o f  r, 5 and 2 are  s e t s t  
(157) Ar ( c r i t i c s ( r ) b o u q h t  few good books + few c r i t i c s ( r ) >  
(158) Es ( ( few  c r i t i c s ( s )  & A r ( c r i t i c s ( r ) b o u g h t  few good books + rCs ) )  & 
A t ( ( A r ( c r i t i c s < r ) b o u g h t  f e w  good books + rst) + sC t ) )  
The event-dzpendent i n t e r p r e t a t i o n  o f  (154a) i s  t r u e  accord inq t o  
se t -denota t ive  l o g i c  i f  and o n l y  i f  ( (157) )  every s e t  ( o f  c r i t i c s )  t h a t  
41. I .e , ,  i f  A i s  the s e t  o f  r e l e v a n t  i n d i v i d u a l  o b j e c t s ,  the domain o f  
q u a n t i f i c a t i o n  i s  the  p w e r  s e t  o f  A minus the empty s e t .  See Eber le  (1970). 
42. The argument concerning C i s  unchanged i f  the atomic p r e d i c a t e  i s  
'bur(x,y) '  i ns tead  o f  ' c r i t i c s ( x )  buy good books(y) " ,  j u s t  rep lace  a l l  
occurrences o f  l a t t e r  w i t h  the f o r p e r .  But,  the  s impler  p r e d i c a t e  w i l l  a l s o  
a l l o w  a  s t ronger  r e s u l t  i f  C i s  everywhere rep laced  by U, the s e t  o f  every 
one, c r i t i c s  and n o n - c r i t i c s .  That r e s u l t  i s  s t a t e d  i n  a  l a t e r  f o o t n o t e ,  
See sec. 2.4 .2 .  
bought few good books i s  few c r i t i c s .  Thus, any s e t  ( o f  c r i t i c s )  i s  e i t h e r  
few c r i t i c s  or  d i d  not buy few good books: 
(159) Ar ( few c r i t i c s ( r 1  or  n o t t c r i t i c s ( r ) b o u g h t  few qood books)) 
The non-event-dependent i n t e r p r e t a t i o n  imposes s t ronger  c o n d i t i o n s ,  which i n  
f a c t  e n t a i l  the  euent-dependent i n t e r p r e t a t i o n .  I t  i s  t r u e  accord ing t o  
se t -denota t ive  l o g i c  i f  and o n l y  i f  (158) the un ion o f  every se t  ( o f  c r i t i c s )  
t h a t  bought few good books i s  few books. Any one s e t  ( o f  c r i t i c s )  i n  the 
domain i s  e i t h e r  a  subset o f  a  p a r t i c u l a r  se t  o f  few c r i t i c s  and i s  5 
f o r t i o r i  i t s e l f  few c r i t i c s  o r  d i d  not buy few good books: 
(160) Es ( ( few c r i t i c s ( s 1  8 Ar t rGs  or  n o t ( c r i t i c s ( r ) b o u g h t  few qood books)) & 
A t ( ( A r ( c r i t i c s ( r ) b o u g h t  few good books + r C t )  + sC t> )  
S i m i l a r  remarks p e r t a i n  t o  the  second case where NPi i s  " e x a c t l y  ten 
c r i t i c s '  i n  (1S4d). We must cons ider  bo th  o f  i t s  i n t e r p r e t a t i o n s  i n  
se t -denota t ive  l o g i c ,  as an event-dependent q u a n t i f i e r  accord inq t o  (16a) and 
as a  non-event-dependent q u a n t i f i e r  acco rd ing  t o  i 1 6 b ) .  These 
i n t e r p r e t a t i o n s  are equ iva len t  r e s p e c t i v e l y  t o  (161) and (162),  which are 
ins tances o f  (152a) and (152b). The va lues  o f  r, 5 and t are se ts :  
(161) Ar ( c r i t i c s t r )  bought n o t  a l l  o f  the qood books + ! ? x a c t l y  t e r ~  c r i t i c g ( r > >  
(162) Es ( ( e x a c t l y  ten  c r i t i c s i s )  8 
A r ( c r i t i c s ( r 1  bought n o t  a l l  o f  the good books + r C s i )  8 
A t ( ( A r t c r i t i c s ( r )  bought n o t  a l l  o f  the good books + r C t )  + sC t ) )  
The event-dependent i n t e r p r e t a t i o n  o f  (154d) i s  t r u e  accord ing t o  
se t -denota t iue  l o g i c  i f  and o n l y  i f  ( (161) )  every s e t  ( o f  c r i t i c s )  t h a t  
bought n o t  a l l  of the good books i s  e x a c t l y  ten c r i t i c s .  Thus, any set i o f  
c r i t i c s )  i s  e i t h e r  ten  c r i t i c s  or  d i d  not buy no t  a l l  o f  the good books: 
(163) Ar (exact1y  ten  c r i t i c s ( r >  o r  n @ ( c r i t i c s ( r )  bought n o t  a l l  o f  the qood books 
The non-euent-dependent i n t e r p r e t a t i o n  i s  t r u e  accord ing t o  se t -denota t iue  
l o g i c  i f  and o n l y  i f  (162) the un ion o f  every se t  ( o f  c r i t i c s )  t h a t  bought 
n o t  a l l  o f  the good books i s  e x a c t l y  ten  books. Any one s e t  ( o f  c r i t i c s )  i n  
the  danain i s  e i t h e r  a subset o f  a p a r t i c u l a r  s e t  o f  ten  c r i t i c s  or  d i d  not 
buy n o t  a l l  o f  the good books: 
(164) Es((exact1y ten  c r i t i c s ( s 1  & 
Ar<rCs o r  M ( c r i t i c s ( r 1  bought n o t  a l l  o f  the  good books)) 8 
A t ( ( A r ( c r i t i c s ( r 1  bought no t  a l l  o f  the good books + rCt) + sCt ) )  
The expressions l a s t  seen r e p r e s e n t i n g  the  t r u t h  c o n d i t i o n s  o f  
euent-dependent and non-eurnt-dependent NPl c o n t a i n  i n  a d i s j u n c t  the 
decreasing q u a n t i f i e r s  corresponding t o  NP i n  (1531, e i t h e r  * few good booksu 2 
o r  'not a l l  o f  the good booksn: 
(159),<160) ... o r  n o t ( c r i t i c s ( r ) b o u g h t  few good books)... 
(163),(164) ... o r  m ( c r i t i c s ( r 1  bought no t  a l l  of the good books).. .  
We must consider  bo th  i n t e r p r e t a t i o n s  o f  the decreas ing NP2, as 
event-dependent and as non-euent dependent. The va lues  o f  y, g and g are 
a l s o  se ts :  
(165) frm (159) and (160) 
a.(euent-dep.) ..,or n ~ t A u ( c r i t i c s ( r ) b o u g h t  good books(u) + few ~ o o d  b o o ~ s ( u ) ) I . ,  
b. (non-euent dependent): 
... o r  m l E u ( ( f e w  w e d  books(u) & A u ( c r i t i c s ( r ! b o u g h t  good books(u1 + uCu)) d 
& ( ( A u ( c r i t i c s ( r ) b o u g h t  good books(u) + uQu) + wt&u))l ... 
(166) f rom (163) and(164) 
a. (euent-dependent): 
...or & tAu(c r i  t i c s ( r ) b o u g h t  good books(u) + ~ q t  a l l  o f  the QCI@ bq.oks(u)I l . .  . 
b .  (non-ouent depende,-it): ... 
o r  g ~ ( E u ( ( n o t  a l l  o f  the aood books(u) & A u ( c r i t i c s ( r ) b o u q h t  good books(u) + uCu) 
& h ( ( A u ( c r i t i c s ( r ) b o u g h t  good books(u) + u & + )  + v C w ) ) )  ... 
Pushing through the  negat ion  these are equ iva len t  t o :  
(167) frm (159) and (160) 
a.(ev,-dep.) . . ,or E u ( c r i t i c s ( r ) b o u g h t  qood books(u) & & ( f e w  pood bgoms(u))). . .  
b. (non-event dependent): 
,.,or Av((&(few ~ o o d  boo&(v)) o r  E u ( c r i t i c s ( r ) b o u g h t  good books(u1 8 nq t (uCv) ) )  
o r  Ew( (Au<cr i t i cs ( r>bouqh t  good books(u) + ugw) & ,a (vCw)))) ... 
(168) f rom (163) and(164) 
a, (event-dependent): 
.,.or E u ( c r i t i c s ( r ) b o u q h t  good books(u) & @(not a l l  o f  the qood books(uS)) ... 
b. (non-event dependent)...or Av ( ( n o t ( n s t  a l l  o f  the sood book2(u)) or  
E u ( c r i t i c s ( r ) b o u g h t  good books(u) & a ( u Q 1 1 ) )  o r  
E w ( i A u ( c r i t i c s ( r ) b o u g h t  good books(u) + u&> & no t (vLw) ) ) ) .  .. 
Reca l l  t h a t  we are t o  use C, the s e t  o f  a l l  c r i t i c s  ( i n  whatever con tex t )  
as a p a r t i c u l a r  instance o f  the  s e t s  q u a n t i f i e d  over t o  revea l  unacceptable 
i f i ~ p l i c a t i o n s  a4 the  se t -deno ta t i ve  i n t e r p r e t a t i o n s  o f  (154a> and i154d) which 
conform t o  (153). (154a) under any combinat ion o f  (159) o r  (160) w i t h  (167a) 
o r  (167b) w i l l  r e q u i r e  C t o  meet a t  l e a s t  the c o n d i t i o n  i n  (1691, where x i s  
a uar i a b l e  over i n d i v i d u a l  o b j e c t s :  
(169) few c r i t i c s ( C 1  or  Eu(*(few ~ o o d  books(u)) & 
Ax(xeu + Ev(xev & vCu & c r i t i c s ( C ) b o u g h t  good books (u )> ) )  
For i f  C i s  n o t  few c r i t i c s  i t  i s  a l s o  no t  a subset o f  few c r i t i c s .  The 
event-dependent i n t e r p r e t a t i o n  and the non-event dependent i n t e p r e t a t i o n  o f  
(154a) then r e q u i r e  t h a t  C n o t  have bough? few good books. That i s ,  C bought 
many good books, whether "few good books" i s  i n t e r p r e t e d  as event-dependent 
o r  no t .  I f  'few good books" i s  i n t e r p r e t e d  as event-dependent ( (167a) ) ,  
there  i s  some s e t  o f  n o t  few good books t h a t  C bought.  I f  the q u a n t i f i e r  i s  
i n t e r p r e t e d  as non-event-dependent ( (167b) ) ,  then there  i s  some se t  o f  no t  
few books whose members can be d i v i d e d  up among s e t s  each o f  which C bobght.  
O f  course every s e t  o f  no t  few books t h a t  s a t i s f i e s  the f i r s t  i n t e r p r e t a t i o n  
w i l l  a l s o  s a t i s f y  the  second. Such a s e t  i s  i u s t  the spec ia l  case where the 
members o f  a s e t  o f  no t  few books a l l  occur i n  one se t  t h a t  C bouqht.  Thus, 
(169) rep resen ts  the weakest c o n d i t i o n  on C r e q u i r e d  by a l l  the 
se t -denota t ive  i n t e r p r e t a t i o n s .  4  3 
S i m i l a r  remarks shoslr t h a t  t154d) under any combinat ion o f  (163) o r  (164)  
w i t h  (168a) o r  (168b) r e q u i r e s  C t o  meet a t  l e a s t  the c o n d i t i o n  i n  (170): 
(170) e x a c t l y  ten  c r i t i c s C C )  o r  E u ( m ( n o t  a l l  o f  the aood boo_I(_s(u>) & 
CSx(x<u + Eu(x<u 8 uCu & c r i t i c s ( C ) b o u g h t  good booKs(v)) ) )  
I t  shou ld  be p o i n t e d  ou t  t h a t  the non-event-dependent i n t e r p r e t a t i o n  o f  
m e x a c t l ~  ten  c r i t i c s m  would n o t  i rnpi r  (170) i f  C were any a r b i t r a r y  se t44:  
b u t ,  as the s e t  o f  a l l  c r i t i c s ,  C cannot be l e s s  than ten  c r i t i c s  i f  the 
non-event-dependent i n t e r p r e t a t i o n  i s  t r u e ,  s ince  the re  must be e x a c t l y  ten  
c r i t i c s  buy ing  n o t  a l l  o f  the good books. I f  C i s  more than ten c r i t i c s ,  
then Ph is  i n t e r p r e t a t i o n  r e q u i r e s  t h a t  C n o t  buy n o t  a l l  o f  the good books, 
dha t  i s  i m p l i e d  about C by the v a r i o u s  se t -deno ta t i ve  i n t e r p r e t a t i o n s  o f  
(154a) and (154d) can be paraphrased as f o l l o w s :  
43. I n  (167b1, some s e t s  y- w i l l  s a t i s f y  the second d i s j u n c t  and not  the 
f i r s t .  Any such s e t  i s  s imp ly  no t  a  l e a s t  upper bound on the p r e d i c a t e  
"bought(C,u)" (see n.  3 9 ) .  There i s  however a  l e a s t  upper bound, a  s e t  
f a i l i n g  t o  s a t i s 9 y  the second d i s j u n c t .  Such a  get  y must s a t i s f y  the f i r s t  
d i s j u n c t ,  i t s e l f  a  d i s j u n c t i o n .  Since a l l  s e t s  t h a t  C bought are subsets o f  
2 ,  because i t  i s  an upper bound, y must be no t  few q ~ o d  books, s a t i s f y i n g  the 
f i r s t  c iause i n  the remain ing  d i s j u n c t i o n .  Since, y i s  the l e a s t  upper bound 
on the p red ica te ,  every one o f  i t s  member must be long t o  some se t  t h a t  C 
bought, as r e q u i r e d  by (1691, 
44. For an a r b i t r a r y  s e t  S, the non-euent dependent i n t e r p r e t a t i o n  imp! ies 
( i l :  
t i )  $ t en  c r i t i c s ( S 1  or  Eu(~~,onc(pot a l l  o f  t h _ e _ ~ g _ q ~ ~ ~ b - o ~ o ~ s ( u ) )  & 
Ax(x6u + Eu(x<u & uCu & c r i t i c s ( S ) b o u g h t  good books (v ) ) ) )  
(169) would s t i l l  be i m p l i e d  by a l l  of (154a)'s i n t e r p r e t a t i o n s  i f  C w e r e  an 
a r b i t r a r y  set. 
(171)((154a) i m p l i e s  t h a t )  There are few c r i t i c s  ( i n  the g iven c o n t e x t ) ,  
o r  a l l  the c r i t i c s  bouqht many good books 
(172)C(154d) i m p l i e s  t h a t )  There are e x a c t l y  ten  c r i t i c s  ( i n  the q iven c o n t e x t ) ,  
o r  a l l  the c r i t i c s  bouqht a l l  the good books 
The p l u r a l s  o f  the second con junc ts  must n o t  be r e a d  d i s t r i b u t i v e l y ,  s ince 
they paraphrase a  r e l a t i o n  between se ts .  (173) and(174) are l e s s  ambiquous 
(173)((154a) i m p l i e s  t h a t )  There are few c r i t i c s  ( i n  the g iven & g ~ t e x t ) ,  
o r  a l l  the c r i t i c s  were i n v o l v e d  i n  buy inq  many good books 
(174)((154d) i m p l i e s  t h a t )  There are e x a c t l y  ten c r i t i c s  ( i n  the g i ~ e ~ ~ : ~ ~ t e x t ) .  
o r  a l l  the  c r t t i c s  were i nvo lved  i n  buy inq  a l l  o f  the qood books 
The p e c u l i i i r i t y  0 4  these i n t e r p r e t a t i o n s  i n  se t -deno ta t i ve  l o g i c  i s  t h a t  
whenever the con tex t  c o n t a i n s  more c r i t i c s  than the q u a n t i t y  mentioned i n  
NPI, n o t  one o f  them escaper some involvement i n  buy ing books. T h i s  
p e c u l i a r i t y  c h a r a c t e r i z e s  the se t -deno ta t i ve  i n t e r p r e t a t i o n s  conforming t o  
(153) f o r  a l l  the examples i n  (154)-(157). Thus, these i n t e r p r e t a t i o n s  o f  
(157a) r e q u i r e  t h a t  there  are few u n i o n i s t s  o r  e l s e  they a l l  gathered a t  no t  
few r a l l i e s .  But,  no ac tua l  i n t e r p r e t a t i o n  o f  the examples i n  (154)-(157) 
imposes such t r u t h  condi t ions.  
45, As p e r m i t t e d  by (1691, the many books bought may be d i s t r i b u t e d  among 
severa l  ins tances o f  buy inq  each o f  which a i l  the c r i t i c s  were i nvo lved  i n .  
46. As  p e r m i t t e d  by (170), a l l  o f  the good books may be d i s t r i b u t e d  amonq 
severa l  ins tances o f  buy inq  each o f  which a l l  the c r i t i c s  were i nvo lved  i n .  
47. I f  the argument i s  m o d i f i e d  accord ing t o  n. 42, what i s  imp l i ed  about U 
i s :  
(173')((154a) i m p l i e s  t h a t )  There are few c r i t i c s  ( i n  the q iven c o n t e x t ) ,  
o r  everyone was invo lved  i n  buy inq  many good books 
(174')((154d3 i m p l i e s  t h a t )  There are e x a c t l y  ten  c r i t i c s  ( i n  the q iven c o n t e x t ) ,  
o r  everyone was invo lved  i n  buy ing  a l l  o f  the qood books 
Recal l  t h a t  the c l a i m  was t h a t  a l l  i n t e r p r e t a t i o n s  i n  se t -denota t ive  l o q i c  
t h a t  conform t o  (153) have unacceptable t r u t h  c o n d i t i o n s .  
(153) non- increas ing (NP i n c r e a s i n g  * decreasinq NPl 1 NP2 O 
We p rov ide  now a  schema t h a t  shows an unacceptable i m p l i c a t i o n  i n  the general 
case when the re  are one o r  more i n c r e a s i n g  q u a n t i f i e r s :  
(175) NP1 non- increas ing 1  k decreasing NP inc reas ing  * mNP i n c r e a ~  i nq NP2 0 
These c o n d i t i o n s  are ob ta ined  by reason ing as above. I t  i s  l e f t  t o  the 
reader t o  v e r i f y  the f o l l o w i n g ,  
Assuming t h a t  NP1 non- increas ing i s  "[Q N'Im, l e t  the se t  C be a l l  N ' ( i n  the 
g iven c o n t e x t ) .  Then, a l l  i n t e r p r e t a t i o n s  o f  the q u a n t i f i e r s ,  
event-dependent or  n o t ,  which respect  the assignment o f  scope i n  (175 ) ,  
r e q u i r e  C t o  meet the  f o l l o w i n g  c o n d i t i o n :  
(176) NP1 non-i nc r  . (C) o r  
T h i s  i s  equ iva len t  t o :  
(177) NPI non- i nc r  ' ( C )  or 
k  AS'. . .As ( (NPi ncr I ( s l )  &. . .& NP k ( s k ) )  + nA [ [NP2  d e ~ r e a s i n g ~ ( ~ , ~  1 k ,..., s  > I ] )  
. i nc r  . 
Resor t i ng  t o  paraphrase, we have: 
(178) There are CG N'3(=NP1 non- i nc r  , 1 ,  or  
f o r  every & s e t s  o f  NPincr. 1 k  ,...and NPincr, , 
decr . 
a l l  the N' were i n v o l v e d  i n  0 - inq  no t  NP2 
I t  may be h e l p f u l  tu compare the  unacceptable i n t e r p r e t a t i o n s  a s s i ~ n e d  by 
se t -denota t ive  l o g i c  w i t h  acceptable i n t e r p r e t a t i o n s .  
Consider f i r s t  those i n t e r p r e t a t i o n s  i n  which the scope i n d i c a t e d  by (153)  
i s  assigned t o  s tandard  q l l s n t i f i e r s ,  which b i n d  v a r i a b l e s  whose values are 
i n d i v i d u a l  ob jec ts :  
(179) [Few x :  c r i t i c ( x ) l C F e w  y: good booR(y)I  x  bouqht Y 
(180) [ E x a c t l y  ten  x: u n i o n i s t ( x ) l l n o t  a l l  y:  r a l l y ( y ) l  x gathered a t  y 
When an a r b i t r a r y  s e t  i s  more than few c r i t i c s ,  (179) r e q u i r e s  t h a t  a t  l e a s t  
one i n d i v i d u a l  c r i t i c  i n  t h a t  se t  does no t  s a t i s f y  the fo rmula  w i t h i n  the 
scope of NP1, v i z . ,  '[Few I: good book (y ) l  x  bought y'. That i s ,  a t  l e a s t  
one o f  them d i d  no t  buy few good books; he bought many. T h i s  i s  o f  course 
c o r r e c t .  Note t h a t  i t  does no t  c m i t  the t o t a l i t y  osf c r i t i c s  i n  t h a t  se t  t o  
book bu r inq .  Some o f  them (a l though no more than few o f  them> may have had 
n o t h i n g  t o  do w i t h  buy ing books. 
S i m i l a r l y ,  when an a r t i t r a r y  se t  i s  more than ten u n i o n i s t s ,  (180)  r e q u i r e s  
t h a t  a t  l e a s t  a l l  b u t  t en  o f  the  u n i o n i s t s  i n  t h a t  se t  each f a i l s  t o  s a t i s f y  
' [ no t  a l l  Y: r r l l y ( y ) I  x  gathered a t  y ' ,  That i s ,  each o f  a l l  bu t  ten o f  
them was i n  ga the r ings  a t  a l l  the r a l l i e s .  Aqain, i t  i s  poss ib le  f o r  as many 
as ten  o f  the remain ing  u n i o n i s t s  t o  have a t tended none o f  the r a l l i e s .  
As we have seen i n  the se t -deno ta t i ve  i n t e r p r e t a t i o n s ,  when an a r b i t r a r y  
s e t ,  such as the se t  o f  a l l  c r i t i c s  or  the s e t  o f  a l l  u n i o n i s t s ,  i s  more than 
NP1, i t s e l f - - r a t h e r  than sane of i t s  members--is r e q u i r e d  t o  no t  s a t i s f y  
the fo rmula  w i t h i n  the scope o f  NP1. They, the members o f  t h a t  s e t ,  must haue 
bought many good books, i n  the  case o f  (1791, and they must haue gathered a t  
a l l  the r a l l i e s ,  i n  the case o f  (1801. A l l  the  c r i t i c s  are committed t o  some 
involvement i n  book-buying, and a l l  the u n i o n i s t s  are committed t o  some 
involvement i n  ga the r ings  a t  r a l l i e s ,  
I t  should n o t  be m is taken ly  concluded f rom the d i scuss ion  o f  sec. 4.2. 
t h a t  no i n t e r p r e t a t i o n  o f  examples i n  (154)-(1571 w i l l  ever impose c o n d i t i o n s  
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on maximal se ts ,  analogous t o  C ,  which are  a l l  the  N ' i n  a  q iven contex t  . 
To v a r y i n g  degrees of a c c e p t a b i l i t y ,  these sentences admit a  sum o f  p l u r a l s  
i n t e r p r e t a t  ion.49 T h i s  i s  n o t  one o f  the excluded i n t e r p r e t a t  ions  conforrni ng 
t o  (1531, s ince,  i t  shou ld  be r e c a l l e d ,  none o f  the p l u r a l s  i s  w i t h i n  the 
scope o f  another i n  a  sum o f  p l u r a l s .  T h i s  i n t e r p r e t a t i o n  o f  (154a) means 
t h a t  few c r i t i c s  bought good books and few good books were bought by 
c r i t i c s .  S i m i l a r l y ,  i n  the case o f  (154d1, i t  means t h a t  e x a c t l y  ten c r i t i c s  
bouqht some o f  the  good books and n o t  a l l  o f  the good books were bouqht by 
c r i t i c s .  
48. a l l  the c r i t i c s  f o r  (1541, a l l  the s tuden ts  f o r  (1551, a l l  the delegates 
f o r  ( IS&) ,  and a l l  the u n i o n i s t s  f o r  (1571 
49. I t  i s  sunewhat marg ina l  i f  the s u b j e c t ,  NP , i s  a  decreasing q u a n t i f i e r ,  
as i n  the much d i  scusrcd nobodr l oves  nobody w! t h  the meaning t h a t  nobodr 
l oves  and nobady i s  loved.  See May (1984). 
I n  any con tex t  i n  which the maximal s e t  C o f  a l l  c r i t i c s  bouqht good books, 
the sum o f  p l u r a l s  i n t e p r e t a t i o n s  o f  (154a) and (154d) w i l l  r e q u i r e  C t o  meet 
the c o n d i t i o n s  i n  (101) and (182) r e s p e c t i v e l y :  
(181 few c r i t i c s ( C 1  & bought few qood books(C) 
(182) e x a c t l y  ten c r i t i c s ( C 1  & bought no t  a l l  o f  the good booKs(Ci 
Note t h a t  i n  any con tex t  i n  which (181) i s  t r u e ,  (169) i s  a l s o  t r u e ,  
a l though i t  was judged t h a t  (169) i s  n o t  a  v a l i d  i m p l i c a t i o n  o f  e i t h e r  the 
event-dependent or  non-event-dependent i n t e r p r e t a t i o n  o f  ( 1 5 4 a ) .  S i m i l a r l y ,  
(1701, an unacceptable i m p l i c a t i o n  o f  any se t -deno ta t i ve  i n t e r p r e t a t i o n  o f  
t lS4d)  t h a t  conforms t o  (1531, i s  t r u e  i n  any con tex t  i n  which (182)  
ob ta ins .  Never the less ,  the sum o f  p l u r a l s  i n t e r p r e t a t i o n  cannot be 
confounded w i t h  these o the rs .  
F i r s t ,  i n  any con tex t  i n  which a  sum o f  p l u r a l s  i n t e r p r e t a t i o n  imposes on C 
one o f  the c o n d i t i o n s  i n  (101) and (1821, i t  does n o t  impose such a  c o n d i t i o n  
on any o the r  s e t .  As we have seen, the se t -deno ta t i ve  i n t e p r e t a t i o n s  
conforming t o  (153) q u a n t i f y  over a l l  the s e t s  o f  i n d i v i d u a l s  i n  a  g iven 
con tex t .  Second, there  are s i t u a t i o n s  o f  which the se t -deno ta t i ve  
i n t e r p r e t a t i o n s  conforming t o  (153) are t r u e  bu t  no t  the sum o f  p l u r a l s .  
Thus, these i n t e r p r e t a t i o n s  o f  (154a) are t r u e ,  a l though the sum o f  p l u r a l s  
i n t e r p r e t a t i o n  i s  f a l s e ,  i f  every c r i t i c  bought every one o f  many good 
books. Sinee, there  i s  no s e t  o f  c r i t i c s  t h a t  bought few good books, each 
such se t  o r  a l l  o f  them taken together  are few c r i t i c s ,  v e r i f y i n g  the 
i n t e r p r e t a t i o n s  conforming t o  (153). The sum o f  p l u r a l s  i n t e r p r e t a t i o n  i s  
f a l s e  because many good books were bought by c r i t i c s .  
4.4 Comparison w i t h  event l o q i c  
(183)-(185) represent  the event l o g i c  f o r  event-dependent and 
non-event-dependent i n t e r p r e t a t i o n s  o f  (154a), (154d) and (157d). Reca l l  
50 . t h a t  the va lues  o f  g are events and the va lues  o f  x are i n d i v i d u a l  o b j e c t s  . 
(183) a. (euent-dep.) [Ae: buy f e w  good books(e) l  [ few c r i t i c s ( x ) l  x f e 
b. (non-ev.-dep,) [ f ew  c r i t i c s ( x ) 3  [Ee: buy f e w  qood books(e) l  x f e 
(184) a. (event-dependent): 
IAe: buy n o t  a l l  o f  the good bookste) ]  [ e x a c t l y  ten  c r i t i c s ( x i 1  x f e 
b. (non-event-dependent): 
[ e x a c t l y  ten c r i t i c s ( x ) l  [Ee: buy no t  a l l  o f  the qood books(e11 x < e 
(185) a. (event-dependent): 
[Ae: gather  a t  n o t  a l l  o f  the r a l l i e s ( e ) l  [ e x a c t l y  ten u n i o n i s t s ~ x ) l  x f e 
b. (non-event-dependent): 
[ e x a c t l y  ten  u n i o n i s t s ( x ) l  CEe: qather  a t  no t  a l l  o f  the r a l l i e s ( e ) l  x f e 
I n  event l o g i c ,  c o n d i t i o n s  on a r b i t r a r y  s e t s  are e n t i r e l y  d e r i v e d  from 
q u a n t i f y i n g  over events i n  which t h e i r  members p a r t i c i p a t e d ,  I n  an 
event-dependent i n t e r p r e t a t i o n  such as (183a), NP1 "few c r i t i c s "  i s  a 
c o n d i t i o n  on an a r b i t r a r y  s e t  j u s t  i n  case the members o f  t h a t  se t  are the 
p a r t i c i p a n t s  i n  an event o f  buy ing  few good books. When an a r b i t r a r y  se t  i s  
more than f e w  c r i t i c s ,  (188a> r e q u i r e s  o n l y  t h a t  there  be i n  the g iven 
con tex t  no such event whose p a r t i c i p a n t s  are the members o f  t h a t  s e t .  Thus 
(183a) avo ids  the p e c u l i a r i t y  o f  the se t -deno ta t i ve  i n t e r p r e t a t i o n s  o f  
50. For e x p l i c i t n e s s ,  we r e t a i n  the n o t a t i o n  i n  which ' e n  s tands f o r  " i s  
i n v o l v e d  in ' .  See the  d i scuss ion  i n  sec. 3,3 i n  which l o g i c a l  forms w i t h o u t  
' t '  are adopted. 
(154a1, which, when an a r b i t a r y  s e t  i s  more than few c r i t i c s ,  r e q u i r e  t h a t  
i t s  members were a l l  i nvo lved  i n  buy ing many books. 
S i m i l a r  remarks app ly  t o  the event l o g i c  f o r  non-event-dependent 
i n t e r p r e t a t i o n s ,  as i n  ( 183b I .  When an a r b i t r a r y  s e t  is more than f e w  
c r i t i c s ,  t183b) r e q u i r e s  t h a t  n o t  a l l  o f  i t s  members p a r t i c i p a t e d  i n  events 
o f  buy inq few good books. I n  p a r t i c u l a r ,  there  i s  no one such event i n  w h i c h  
a l l  o f  i t s  members are the p a r t i c i p a n t s ,  But ,  (183b) does no t  imply t h a t  a11 
the  c r i t i c s  are i nvo lved  i n  buy ing many books i f  there  are mcre than f e w  
c r i t i c s .  
As we have seen, i n  event l o g i c ,  the r e a l  o b j e c t s  o f  p r e d i c a t i o n  and 
q u a n t i f i c a t i o n  are events  r a t h e r  than se ts .  The q u a n t i t y  o f  a  se t  i s  
a f f e c t e d  o n l y  i n  so f a r  as i t s  members are p a r t i c i p a n t s  i n  events. I t  should 
be emphasized t h a t  we do no t  expect t h a t  every (norr-empty) s e t  U: i n d i v i d u a l  
o b j e c t s  i n  a g iven con tex t  w i l l  correspond t o  an event ,  Suppose, f o r  
example, t h a t  a l l  c r i t i c s  i n  the  g iven con tex t  are d i v i d e d  among l o c a l  book 
c lubs ,  On d i f f e r e n t  days o f  the week, a d i f f e r e n t  c l u b  w i l l  go on an o u t i n g  
a t  which the members who are  present  buy books f o r  the c lub .  The events o f  
t h i s  con tex t  a re  the ou t inqs .  According t o  the e v e n t - l o g i c a l  (1831, the 
event-dependent i n t e r p r e t a t i o n  o f  (154a) i s  t r u e  i n  t h i s  con tex t  i f  and o n l y  
i f  each o f  the o u t i n g s  a t  which few good books were bought i nvo lved  few 
c r i t i c s ,  and the non-event-dependent i n t e r p r e t a t i o n  i s  t r u e  i f  and o n l y  i f  
a l l  such o u t i n g s  i n v o l v e d  a l l  together  few c r i t i c s .  Now i n  t h i s  contex t  the 
s e t  o f  a l l  c r i t i c s  does n o t  correspond t o  an event ,  a l though every c r i t i c  may 
have gone on sane o f  the  out  i ngs . 
I n  o the r  con tex ts ,  the s e t  of a l l  c r i t i c s  might  have a  corresponding 
event .  Consider a  domain of events t h a t  i nc ludes  a l l  the ou t ings  o f  the 
l o c a l  book c l u b s  bu t  a l s o  some book-buying o u t i n g s  o f  the n a t i o n a l  
o r g a n i z a t i o n  t o  which a l l  l o c a l s  and t h e i r  members belong. One o f  the 
n a t i o n a l  o u t i n g s  may have been a t tended by a l l  the c r i t i c s .  Only i n  such 
circumstances do the e v e n t - l o g i c a l  i n t e r p r e t a t i o n s  imply t h a t  a l l  the 
c r i t i c s ,  i f  they are no t  few, are i nvo lved  i n  buy ing many good books. For 
a l l  the c r i t i c s  at tended a  n a t i o n a l  o u t i n g ,  an event o f  buy inq books. I f  
t h a t  event d i d  n o t  i nvo lve  few c r i t i c s ,  then i t  i s  no t  an event o f  buy ing few 
good books. 
Return ing  t o  the narrower con tex t  where j u s t  l o c a l  c lubs  are t a l k e d  about,  
suppose t h a t  few good books have been bought, adding up a l l  the out  inqs.  I n  
t h i s  con tex t ,  the events o f  buy ing  few good books are s t i l l  j u s t  the 
ou t ings .  As i n  sec. 3.5, t h i s  domain o f  events does no t  inc lude f u r t h e r  
combinat ions o f  the ou t ings .  Al though few good books have ever been bouqht,  
what happens across severa l  o u t i n g s  i s  no t  another event i n  t h i s  domain. I n  
p a r t i c u l a r ,  t h i s  domain does no t  i nc lude  an event o f  buy ing few books t h a t  
combines a l l  the o u t i n g s  and i n v o l v e s  perhaps a l l  the c r i t i c s .  The 
i m p l i c a t i o n  about a l l  the c r i t i c s  buy ing many good books can be drawn on ly  i f  
the re  r e a l l y  i s  something e l s e  t h a t  they were a l l  i n ,  l i k e  one o f  the 
n a t i o n a l  o u t i n g s  o f  the preced ing paragraph. 
We have a l ready  seen what the se t -deno ta t i ve  i n t e r p r e t a t i o n s  imply i n  t h i s  
con tex t  o r  any o the r .  The o b j e c t s  o f  p r e d i c a t i o n  and q u a n t i f i c a t i o n  are s e t s  
of i n d i v i d u a l s  u n r e s t r i c t e d  by any r e l a t i o n s h i p  t o  events.  Although none o f  
the i n d i v i d u a l  l o c a l  o u t i n g s  i nvo lve  a l l  the c r i t i c s ,  the se t -denota t ive  
i n t e r p r e t a t i o n s  o f  (154a) are  t r u e  i n  t h i s  con tex t  o n l y  i f  a l l  the c r i t i c s ,  
i f  they are no t  +ew, are i nvo lved  i n  buy ing  many good books. 
L a t e r  s e c t i o n s  consider  i n  more d e t a i l  how q u a n t i f y i n g  over s e t s  o f  
i n d i u i d u a l s ,  i f  a l lowed,  must depend on q u a n t i f y i n g  over i n d i v i d u a l  euents. 
That  d i scuss ion  makes use o f  a  l o g i c  i n  wh ich  one can f r e e l y  t a l k  about bo th  
s e t s  and events.  As i n  the  se t -deno ta t i ve  l o g i c  o f  sec. 2, i t  assumes a  
dorirain o f  s e t s  o f  i n d i v i d u a l  ob jec ts :  b u t  i t  a l s o  d i s t i n g u i s h e s  a  domain o f  
i i ~ d i v i d u a l  euents. I t  i s  a t  f i r s t  assumed t h a t  s e t s  o f  i n d i u i d u a l s ,  l i k e  
i n d i v i d u a l  o b j e c t s  themselves, can be i n v o l v e d  i n  d i ve rse  events.  We then 
have an n + l - a r y  p r e d i c a t e  wherever we had an n-ary p r e d i c a t e  i n  the 
se t -denota t iue  l o g i c ,  adding a  p lace f o r  i n d i v i d u a l  events:  i n  the extended 
l o g i c  '4(vl, ..., v  e l '  w i l l  be t r u e  o f  q s e t s  and an event e  j u s t  i n  case 
n  ' 
'4(v1,...,vn)' i n  the se t -deno ta t i ve  l o g i c  would be t r u e  a t  e.  
I n  a l l  o the r  respects ,  the extended l o q i c  f o l l o w s  the se t -denota t ive  
l o g i c .  Thus, p o l y a d i c  p r e d i c a t e s  are  atomic r e l a t i o n s  ( 0 . 1 ) ,  and p l u r a l i t y  
i s  t r e a t e d  by q u a n t i f y i n g  over s e t s  o f  i n d i v i d u a l s  accord ing t o  c lauses (15 )  
and (16) i n  sec, 2.0. The l a t e r  s e c t i o n s  w i l l  then a t t a c k  those d i f f e r e n c e s  
t h a t  remain separa t i ng  the se t -deno ta t i ve  and r e l a t e d  l o g i c s  from event 
l o g i c .  
The argument o f  sec. 4.2. can be summarized conven ien t l y  i n  terms o f  the 
extended l o q i c .  Reca l l  t h a t  i t  was shown t h a t  every se t -deno ta t i ve  
i n t e r p r e t a t i o n  conforming t o  (153) r e s u l t s  i n  unacceptable en ta i lmen ts  f o r  
the sentences so i n t e r p r e t e d :  
(153) non- increas ing tNP * NP 1 
i n c r e a s i n g  * decreasing P(u l ,  , V 2 )  1 NP2 
I n  terms o f  the  extended l o g i c ,  the argument shows t h a t  no sentence should be 
assigned an i n t e p r e t a t i o n  equ iva len t  t o  e i t h e r  (186) or  (187) :  
(186) non- increasing (NP i n c r e a s i n g  * decreasing * NP 1 1 NP2 Ee ((ul ,  v  , v 2 , e )  
(187) non- increas ing (NP i n c r e a s i n g  * decreasing * Ee NP1 1 NP2 O(ul, u , v2,e) 
Consider once again (154a1, which c o n t a i n s  none o f  the i nc reas ing  NP*: 
(154) a. Few c r i t i c s  bought few good books 
An i n t e r p r e t a t i o n  i n  the  extended l o g i c  acco rd ing  t o  (186) would imply t h a t ,  
i f  a l l  c r i t i c s  are more than few, there  are many good books t h a t  they w e r e  
a l l  i nvo lved  i n  buy ing  i n  the  course o f  one o r  more events. The occurrence 
o f  an e x i s t e n t i a l  q u a n t i f i e r  over events w i t h  the narrowest scope does 
n o t h i n g  t o  thwar t  the unacceptable i m p l i c a t i o n .  An i n t e r p r e t a t i o n  conforming 
t o  (187) where the  event q t ~ a n t i f i e r  has w ides t  scope would l i k e w i s e  f a i l  t o  
avo id  the  unacceptable i m p l i c a t i o n .  I t  mere ly  r e q u i r e s  i t  t p  be t r u e  o f  some 
p a r t i c u l a r  euent. 
The argument o f  sec, 4.2 shows t h a t  an e x i s t e n t i a l  q u a n t i f i e r  over events 
w i t h  the  r e s t r i c t i o n  i n  (188) must come between the  non- increas ing NP1 and 
the decreasing NPZ, i f  one i n s i s t s  as does the extended l o g i c  on q u a n t i f y i n q  
over s e t s  a t  a l l :  
. non - inc reas ing  decreasing I (188) NPltul) ... tEe:u i s  i n  e l .  ..NP2 O(vl ,u ,u2,e) 5 1 1 
51. The p o s i t i g n  o f  the event q u a n t i f i e r  w i t h  respect  t o  the i nc reas inq  
q u a n t i f i e r s  NP i s  i r r e l e v a n t .  
An i n t e r p r e t a t i o n  o f  (154a) accord ing t o  (188) i m p l i e s  o n l y  t h a t ,  i f  a l l  the 
c r i t i c s  are no t  few, the re  i s  no event o f  buy ing f e w  qood books which they 
were a l l  i nvo lved  i n ,  T h i s  i s  c o r r e c t ,  and i t  i s  what the even t - l og i ca l  
i n t e p r e t a t i o n s  imply. The r e s t r i c t i o n  on the event q u a n t i f i e r  i s  necessary: 
an i n t e r p r e t a t i o n  o f  (154a) p a r a l l e l  t o  (188) bu t  o m i t t i n g  the r e s t r i c t i o n  
would imply t h a t  any s e t  o f  no t  f e w  c r i t i c s  has i n  any event bouqht no t  f e w  
good books, T h i s  i n t e r p r e t a t i o n ,  assuming there  e x i s t s  some event ,  would 
then a l s o  have the unacceptable i m p l i c a t i o n  t h a t  the se t  o f  a l l  c r i t i c s ,  i f  
n o t  few, has bought many good books. 
The se t -denota t ive  l o g i c  w i t h o u t  events cannot o f  course put  the necessary 
event q u a n t i f i e r  between NP1 and NPZ I t  must assign i n t e r p r e t a t i o n s  t o  the 
sentences o f  (154)-(157) w i t h  unacceptable r e s u l t s ,  The event l o g i c  ass iqns  
o n l y  i n t e r p r e t a t i o n s  which have an e f f e c t  equ iuc len t  t o  the in terposed event 
q u a n t i f i e r  i n  (188). We leave open f o r  the moment how a  se t -deno ta t i ve  l o g i c  
c o u l d  ass ign i n t e r p r e t a t i o n s  l i k e  (188) w h i l e  a v o i d i n g  those l i k e  (186) and 
(187). We r e t u r n  t o  t h i s  ques t ion  i n  sec. 5.3. 
We t u r n  now t o  the second p e r i l  i n  q u a n t i f y i n g  over s e t s  u n r e s t r i c t e d  by a 
r e l a t i o n s h i p  t o  events.  Here i t  i s  shown t h a t  no fo rmula  i n  se t -denota t ive  
l o q i c  should be able t o  express an i n c r e a s i n q  r e l a t i o n ,  d e f i n e d  below. For 
i f  a  fo rmula  & expresses an i n c r e a s i n g  r e l a t i o n ,  then a l l  i n t e r p r e t a t i o n s  i n  
se t -deno ta t i ve  l o q i c  t h a t  conform t o  (189) w i l l  have i m p l i c a t i o n s  t h a t  are 
unacceptable f o r  the sentences they i n t e p r e t .  
(189) NP1 
non-increasing non-decreasinq * non-decr~asing (NP 1 NP2 4 ,  
where an N P  non-decreasing that is non-,iqcreasinq is interpreted 
only by (16b), a s  non-event-dependent. 
An interpretation conforms to (189) in the familiar way. The first 
quantifier interpreted, the one assigned the widest scope, is non-increasing, 
and it m a r  be interpreted either by (Ida> a s  event-dependent or by (16b) as 
non-event-dependent. T h i s  quantifier, N P 1 ,  is followed by at least one 
non-decreasing quantifier, NPZ. 4 n y  number of other non-decreasinp 
* * 
quantifiers may also appear, N P  , The non-decreasing quantifiers of N P  and 
N P  may be either increasinq ('(at least) three good books") or 2 
non-increasing ('exactly three good books'). Any of the increasing 
quantifiers may be interpreted by either clause of (15). I f  an 
* 
non-decreasing quantifier in N P  or NP2 is non-increasinq. it must be 
interpreted by (16b) to be non-event-dependent, As lonq a s  the scope 
* 
assignment of (189) and the condition on non-increasing N P  and NP2 are 
respected, we are interested in interpreting the quantifiers by all 
combinations obtainable from (15)and (16). 
The set-denotative interpretations conforming to (189) are unacceptable if 
" @ '  expresses an increasing relation. W e  first define increasinq relations 
and discuss their expression in set-denotative logic before showinq the 
unacceptable implications of (189). In the definition, the values of the 
variables are sets, a s  expected in set-denotative logic, and Q ! 2: 
(190) "4' expresses an increasinp relation if: 
X ~ . X  Y . . ~  4 ( x  ,..., xn> & e(yl, ..., 1 yn) + 6(x1Uy l,...,xnUyn) n 
---------- 
52. See n. 38, 
The expressed r e l a t i o n  i s  i nc reas ing  i f  i t  i s  c losed  under the un ion 
opera t i on  shown i n  (190). I f  an inc reas ing ,  n-ary r e l a t i o n  i s  t r u e  o f  any 
two n- tup les ,  {u ..., xn> and {yl, ..., yn>,  i t  i s  a l s o  t r u e  o f  the union 1  ' 
n - tup le  <xlUyl, ..., xnUyn). 
U n f o r t u n a t e l y ,  the expression o f  i n c r e a s i n g  r e l a t i o n s  i s  d i f f i c u l t  t o  avo id  
i n  a  se t -denota t ive  ;og ic  w i t h o u t  euents. There are two cases. I n  the f i r s t  
case, " 4 "  i s  an atomic p r e d i c a t e  express ing an inc reas ing  r e l a t i o n ,  and i n  
the second, an i n c r e a s i n q  r e l a t i o n  i s  expressed by a  complex fo rmula  "6" f r e e  
i n  a t  l e a s t  two v a r i a b l e s .  
Recall t h a t  se t -denota t ion  i s  an account o f  a l l  aspects o f  the problem t h a t  
sentences w i t h  p l u r a l  arguments have i n t e r p r e t a t i o n s  t h a t  are not  r e d u c i b l e  
t o  p r e d i c a t i o n s  about i n d i v i d u a l s  ( w i t h i n  the s tandard  assumptions 0.1-0.3). 
The set -denota t ive  t reatment  o f  the sum o f  p l u r a l s ,  t h a t  aspect o f  the 
problem discussed i n  sec. 1.1, 2.1 and 2,4,1., p rov ides  ins tances o f  the 
f i r s t  case, atomic p r e d i c a t e s  t h a t  express i nc reas ing  r e l a t i o n s .  
(3) a. Ten boys a t e  ten  p i e s  
b.  The boys a te  the p i e s  
c .  They a te  them 
( 4 )  a. Ten boys c a r r i e d  f i f t y  c a r t o n s  home 
b. The boys c a r r i e d  the ca r tons  home 
c ,  They c a r r i e d  them home 
Reca l l  t h a t  n o n r e d u c i b i l i t y  f o r  the examples i n  ( 3 )  came from the t p u t h  o f  
the sum o f  p l u r a l s  i n t e r p r e t a t i o n  i n  s i t u a t i o n s  where the boys shared the 
p i e s .  Sane o f  these s i t u a t i o n s  may i n  f a c t  c o n t a i n  no boy and no p i e  o f  whom 
i t  i s  t r u e  t h a t  he a te  i t .  He may a t  bes t  have t a s t e d  i t  i f  he ate o f  t h a t  
one a t  a l l .  Hence, the sum o f  p l u r a l s  i n t e r p r e t a t i o n  o f  (3) i s  no t  
equ iva len t  t o  any number o f  sentences about i n d i v i d u a l  boys and p i e s ,  
S i m i l a r l y ,  the sum o f  p l u r a l s  i n t e r p r e t a t i o n s  o+ (4 )  can be t r u e  even i f  the 
ca r tons  were passed from one boy t o  another on t h e i r  way home, a l though i n  
such s i t u a t i o ~ s  a  box was n o t  i n  general c a r r i e d  home by a  boy. Faced w i t h  
the n o n - r e d u c i b i l i t y  o f  the sum o f  p l u r a l s  t o  p r e d i c a t i o n s  about i n d i u i d u a l s ,  
the  se t -denota t ive  l o g i c  assumes t h a t  atomic p red ica tes ,  such as cp_r_yy 
home(x,y) and ea t (x , y ) ,  express r e l a t i o n s  between s e t s  o f  i n d i v i d u a ~ s ~ ~ .  The 
p r e d i c a t e s  i nvo lved  are n o t  excep t iona l .  The n o n - r e d u c i b i l i t y  o f  the sum o f  
p l u r a l s  seems t o  be a  general f e a t u r e  o f  sentences w i t h  p l u r a l s .  
Atomic p r e d i c a t e s  such as c a r r y  home(x,r) and e a t < x , y l  express i nc reas inq  
r e l a t i o n s .  To see t h i s ,  i t  w i l l  be s impler  t o  suppose f i r s t  t h a t ,  c o n t r a r y  
t o  what has been observed i n  the  preced ing paragraph, t h a t  the r e l a t i o n s  
between s e t s  can be reduced t o  r e l a t i o n s  between t h e i r  members: 
(191) 'eat(c,d) '  i s  t r u e  i f f  every i n d i v i d u a l  i n  c  e a t s  some i n d i v i d u a l  i n  d  
and every i n d i v i d u a l  i n  d  i s  eaten by some i n d i v i d u a l '  i n  c 
(192) ' c a r r y  hune(c,d)' i s  t r u e  i f f  every i n d i v i d u a l  i n  c  c a r r i e s  home some 
i n d i v i d u a l  i n  d  and every i n d i v i d u a l  i n  d  i s  c a r r i e d  home by some 
i n d i v i d u a l  i n  c 
Wi th  t r u t h  c o n d i t i o n s  such as those i n  (191) and (1921, the r e l a t i o n s  
expressed are s u r e l y  increas ing.  Suppose t h a t  " c c r r y  home(cl,dl)" and " c a r r y  
homecc ,d 1' are t r u e .  I t  f o l l o w s  f rom (192) t h a t  every i n d i v i d u a l  i n  c  U 2  2  1 
c2 c a r r i e s  hune some i n d i v i d u a l  i n  dl U d2 and every i n d i v i d u a l  i n  dl U d2 i s  
c a r r i e d  home by some i n d i u i d u a l  i n  c  U  c 2 ,  wnich are the t r u t h  c o n d i t i o n s  1  
f o r  ' c a r r y  horne(clUc2,dlUd2)'. 
53. See sec. 2.4.2. We again l e t  the verbs s tand  i n  f o r  the a t m i c  
p r e d i c a t e s  which c o u l d  j u s t  as w e l l  be boys(x)  c a r r y  home c a r t o n s ( y l  and 
bors(x )  ea t  ~ i e s ( r ) .  For our purposes, " 0 "  i n  a  s imple sentence i s  atomic i f  
i t  inc ludes no q u a n t i f i e r s .  See se:. 2.4.2. 
The n o n r e d u c i b i l i t y  o f  the ac tua l  r e l a t i o n s  expressed d e r i v e s  from a  
weakening i n  the above t r u t h  c o n d i t i o n s ,  bu t  the r e l a t i o n s  remain 
i nc reas ing ,  The ac tua l  r e l a t i o n s  are t r u e  o f  any s e t s  c and d t h a t  meet 
(191) and (192), b u t  they are a l s o  t r u e  o f  s e t s  t h a t  f a i l  these c o n d i t i o n s  as 
i n  the above s i t u a t i o n s ,  where p i e s  are shared and ca r tons  passed around. 
Desp i te  p o s s i b l e  counterexamples t o  (190) among the new se ts ,  the weaker 
t r u t h  c o n d i t i o n s  i n  (193) and (194) s t i l l  descr ibe  i nc reas inq  r e l a t i o n s :  
(193) "eh t (c ,d) "  i s  t r u e  i f f  every i n d i v i d u a l  i n  c  p a r t i c i p a t e s  i n  e a t i n q  
some i n d i v i d u a l s  i n  d  and every i n d i v i d u a l  i n  d  i s  eaten by some 
i n d i v i d u a l s  i n  c. 
(194) ' c a r r y  home(c,d)' i s  t r u e  i f f  every i n d i v i d u a l  i n  c  p a r t i c i p a t e s  i n  
c a r r y i n g  home some i n d i v i d u a l s  i n  d  and every i n d i v i d u a l  i n  d  i s  c a r r i e d  
home by some i n d i v i d u a l s  i n  c .  
Suppose t h a t  ' ca r ry  hme(clIdl)"  and ' c a r r y  home(c2.d2)' are now t r u e  
accord ing t o  the c o n d i t i o n s  i n  (194). Since, every i n d i v i d u a l  i n  c  1 
p a r t i c i p a t e s  i n  cap ry ing  home some i n d i v i d u a l s  i n  d  every i n d i v i d u a l  i n  c  1 ' 1  
p a r t i c i p a t e s  i n  c a r r y i n g  h m e  some i n d i v i d u a l s  i n  the un ion o f  dl and d2. 
 similar!^, euery i n d i v i d u a l  i n  c2  p a r t i c i p a t e s  i n  c a r r y i n g  home sane 
i n d i v i d u a l s  i n  the un ion o f  dl and d2, s ince he p a r t i c i p a t e s  i n  c a r r y i n g  home 
some i n d i v i d u a l s  i n  d2. I t  then f o l l o w s  t h a t  euery i n d i v i d u a l  i n  the union 
o f  cl and c2 p a r t i c i p a t e s  i n  c a r r y i n g  home some i n d i v i d u a l s  i n  the union o f  
dl and d  S i m i l a r  remarks show t h a t  every i n d i v i d u a l  i n  the union o f  dl and 2  ' 
d  i s  c a r r i e d  home by some i n d i v i d u a l s  i n  the un ion o f  cl and c  and thus 2 2  ' 
' c a r r y  hme(clUc2, d  Ud 1' i s  t r u e .  The nonreduc ib le  r e l a t i o n  expressed by 1 2  
the atomic p r e d i c a t e  i s  i nc reas ing ,  
Note t h a t  the  increasing-ness o f  the r e l a t i o n s  expressed by the atomic 
p r e d i c a t e s  accounts f o r  the deduct ions  i n  (195) and t f961 ,  which are v a l i d  
when the premises and conc lus ions  are i n t e r p r e t e d  as sums o f  p l u r a l s .  
( 195) These ten  boys! a te  these ten  p ies l  
Those ten  boys2 a te  those ten p ies l  
........................................... 
The twenty boyslup a te  the twen t r  pieslup 
(196) These ten  boysl c a r r i e d  these ten  car tonsl  home 
Those ten boys2 c a r r i e d  those ten car tonsl  home 
........................................... 
The twenty boys c a r r i e d  the twenty cartonslU2 home 1  U2 
I n  se t -denota t ive  l o g i c ,  when the  q u a n t i f i e r s  i n  (195) and (196) are 
i n t e r p r e t e d  by c lause (15a) t o  make und iv ided  re fe rence  t o  a  denotatum,the 
sum o f  p l u r a l s  i n t e r p r e t a t i o n s  are equ iva len t  t o  (197) and (198).  
(15) I n c r e a s i n g  q u a n t i f i e r s .  
a. (und iv ided  re ference t o  a  denotatum) ' C Q  N ' l  4 ( x ) "  i s  t r u e  i f f  
f o r  some ( s e t )  c, c  i s  [ Q  N'l-many, and "4 (c ) '  i s  t r u e ,  
b.  ( d i v i d e d  re fe rence  t o  denotata)  '10 N ' l  4 ( x ) '  i s  t r u e  i $ f  
f o r  some ( s e t s )  cl, ..., c ,..., the un ion o f  c , , , c ,  i s  [Q N'l-many 
and "4tcI) '  i s  t r u e  ... an8 '@(ck ) '  i s  t r u e  .... 
(197) [Ex: these ten  boysl (x) l [Ey;  these ten  p i e s l ( y ) l  a te(x .y )  
[Ex: those ten  boys2(x) l [Ey:  those ten  p i e s 2 ( y ) l  a te (x  , y )  
---I--------------------------------------- 
[Ex: the twenty boyslU2(x)lCEy: the twenty pieslU2(y)1 a t e ( x . ~ )  
(198) [Ex: these ten  boys ( x ) l t E y :  these ten c a r t o n s  ( y ) l  c a r r i e d  home(x,y) 1  1  
[Ex: those ten  boys2(x ) l tEy :  those ten  c a r t o n s 2 ( y ) l  c a r r i e d  hme(x ,y )  
........................................... 
[Ex: the twenty b o ~ s ~ ~ ~ ( x ) l [ E y :  the twenty cartonslu2(y) l  c a r r i e d  h o m e ( ~ , ~ )  
(197) and (198) can be v a l i d  o n l y  i f  the atomic p r e d i c a t e s  express i nc reas inq  
r e l a t i o n s .  5 4 
54. I n  l i g h t  o f  sec. 2.4.1, the s i g n i f i c a n c e  o f  these deduct ions f o r  
se t -denota t ive  l o q i c  should n o t  be overs ta ted.  The method o f  n-ary 
q u a n t i f i c a t i o n  d iscussed there  would a l l o w  us  t o  o b t a i n  the deduct ions from 
---------- 
non- increasinq atomic p red ica tes .  Reca l l  the d i scuss ion  o f  ' c o l l a b o r a t e  
on(x,y) ' ,  a  non- increas ing r e l a t i o n  accord ing t o  the c o n d i t i o n s  i n  ( 2 2 ) :  
(22) ' c o l l a b o r a t e  on(c ,c 1' i s  t r u e  i f f  everyone o+ c 
c o l l  aborated w i  t h  ever?on$ o f  c1 on every one o f  c2. 1 
These c o n d i t i o n s  impose an i n t i m a t e  c o l l a b o r a t i o n  on any s e t s  denoted by the 
p red ica te .  Tho sentence i n  (23) can however be t r u e  even i f  the composers 
and the  operas are  d i v i d e d  among separate c o l l a b o r a t i o n s .  
(23) These composers c o l l a b o r a t e d  on these operas. 
The weaker t r u t h  c o n d i t i o n s  o f  the sentence are ob ta ined  through the 
q u a n t i f i c a t i o n .  these composers_ and these operas are i n t e r p r e t e d  as a  s i n q l e  
b i n a r y  q u a n t i f i e r  over ordered p a i r s  o f  s e t s ,  and i t  a l l o w s  f o r  d i v i d e d  
re fe rence  t o  denotata ( c f .  (15b)) .  The r e s u l t i n g  t r u t h  c o n d i t i o n s  f o r  the 
sentences are i n  (24):  
(24) ' [ these com~oser r3Xt these o p e r a s l t ( x , y > )  c o l l a b o r a t e  
on(x,y)' i s  t r u e  i f f  f o r  s e t s  cl, ..., c  the un ion o f  which i s  
these composers and f o r  s e t s  o  , , o  'the un ion o f  which i s  
these operas, a c o l l a b o r a t e  on(hl ,o l ) ' k is  t rue , .  . .and ' c o l l a b o r a t e  
on(ck,oK)' i s  t r u e .  
Desp i te  the non- increas ing atomic r e l a t i o n ,  the  sentences i n  i ! 9 9 )  can be 
i n t e r p r e t e d  as i n  (200) t o  o b t a i n  a  v a l i d  deduct ion.  
(199) These ten  cmposers l  c o l l a b o r a t e d  on these ten  operas,. 
Those ten  composers2 c o l l a b o r a t e d  on those ten operas*. 
....................................................... 
The twenty cmposerslup c o l l a b o r a t e d  on the twenty operaslU2. 
(200) [ these ten  c a D o s e r s l l X ~ t h e s e  ten  o ~ e r a s ~ l ( < x , y > )  c o l l a b o r a t e d  on(x.y) 
- - 
[ those ten  cmDosers  I X t t h o s e  ten  o ~ e r a s ~ l ( ( x , y ) )  c o l l a b o r a t e d  on(x,y)  2  
--------------------k------------------------------------- 
[ t h e  twenty c~DOsers ,U21Xt  the twenty operas I( < x , y ) )  c o l l a b o r a t e d  on(x , y )  
- 
1 U2 
-
Return ing  t o  the  examples i n  the t e x t ,  the  method o f  n-ary q u a n t i f i c a t i o n  
shows t h a t  the v a l i d  deduct ions  i n  (195) and (196) do no t  i n  themselves 
canpel se t -deno ta t i ve  l o g i c  t o  make the  a t m i c  p r e d i c a t e s  " c a r r y  home(x,yIM 
and "eat (x ,y ) * .  express i nc reas ing  r e l a t i o n s .  But,  i f  the se t -denota t ive  
l o g i c  p e r m i t s  r d e r i u a t i o n  of  the sum o f  p l u r a l s  i n t e p r e t a t i o n s ,  equ iva len t  
t o  what i s  shown i n  (1971, then the  v a l i d i t y  o f  the deduct ion  does r e q u i r e  
the atomic r e l a t i o n s  t o  be i nc reas inq .  T h i s  conc lus ion  can be avoided j u s t  
i n  case the n-ary q u a n t i f i c a t i o n  i s  the  o n l y  way t o  o b t a i n  the sum o f  
p l u r a l s ,  e l i m i n a t i n g  (1Sa) (und iu ided  r e f ~ r e n c e  t o  a denotatum). 
The d e s i r a b i l i t y  o f  such a  s tep may depend i n  p a r t  on observat ions  l i k e  the 
f o l l o w i n q .  Al thouqh the deduct ions  i n  (195) and (196) are unequ ivoca l l y  
I n  the second case where se t -deno ta t i ve  l o g i c  expresses an inc reas inq  
r e l a t i o n ,  ' 0 "  i s  a  complex fo rmula  f r e e  i n  a t  l e a s t  two v a r i a b l e s .  The 
examples we c o n s t r u c t  s t a r t  w i t h  an atomic p r e d i c a t e  i n  th ree v a r i a b l e s  t h a t  
does no t  express an inc reas inq  r e l a t i o n .  When one o f  the v a r i a b l e s  i s  bound 
by a  decreasioq q u a n t i f i e r ,  the r e s u l t i n q  formulas w i t h  two f r e e  v a r i a b l e s  
express i n c r e a s i n g  r e l a t i o n s .  Consider the atomic p r e d i c a t e s  i n  (2021, where 
aqain the va lues  o f  the v a r i a b l e s  se ts :  
(202) x  are i n  agreement ( t o  a  man) about z w i t h  Y 
x  c o n s u l t  as much as p o s s i b l e  on z w i t h  y  
x  c o l l a b o r a t e d  comple te ly  on z w i t h  y  
x form o Car tes ian  product  w i t h  y i n  extensiorbs o f  z 5 5 
These are n o t  increas ing.  Suppose <al,bl,cl) and (a2,b2,c2) s a t i s f y  the 
f i r s t  p r e d i c a t e .  I t  does n o t  f o l l o w  t h a t  (a1Ua2,blUb2,cIUc2) a l s o  s a t i s f i e s  
the p red ica te .  What i s  r e q u i r e d  i s  t h a t  everyone i n  a Us i s  i n  agreement 
-L 2 
w i t h  everyone i n  b  Ub (about c  Uy ) ,  b u t  the agreements t h a t  h o l d  o f  the 
-1 2 -1 2 
separate q ~ ~ o u p s  do no t  e n t a i l  the l a r g e r ,  complete agreement t h a t  i s  r e q u i r e d  
when the groups are cons idered toge the r .  I n  f a c t ,  may comple te ly  d isagree 
- 
wi th  h29 and a  w i t h  bl. Furthermore,  whatever accord e x i s t s  o r i g i n a l l y  -2 - 
---------- 
v a l i d ,  the v a l i d i t y  o f  (199) does seem t o  h inqe on an arnbiquity i n  the 
premises and conc lus ion ,  Note t h a t  the  deduct ion  i s  no t  v a l i d ,  g iven t h a t  
the atomic r e l a t i o n  i s  n o t  i n c r e a s i n q  ((2211, i f  the q u a n t i f i e r s  are 
i n t e r p r e t e d  by (15a)r 
(201)  tEx:these ten  c m p o s e r s  ( x ) I t E y : t h r s e  ten  operas l (y ) l  c o l l a b o r a t e d  on(x ,y j  1  
[Ex i those t e n  c#nposrrs,(x) l tErrthose ten  operas,(y)l c o l l a b o r a t e d  on(x,y)  
1Ex:the twenty caporerslu2(x)lCEy:the twenty operaslu2(y)l c o l l a b o r a t e d  on(x,y)  
The f a c t  t h a t  t he  premises and conc lus ion  can be const rued t o  i n v a l i d a t e  the 
deduct ion  i s  a  reason t o  keep (15a), s ince t h i s  r e s u l t  cou ld  no t  be obta ined 
w i t h  n-ary q u a n t i f i c a t i o n .  
between al and bl may be s h a t t e r e d  when c2 i s  added t o  the equat ion .  S i m i l a r  
- - - 
cons ide ra t i ons  show t h a t  the o ther  p r e d i c a t e s  are a l s o  no t  i nc reas ing .  
When 3 i n  (202) i s  bound by a decreasinq q u a n t i f i e r ,  the r e s u l t i n g  fo rmula  
f r e e  i n  x and y expresses an i n c r e a s i n g  r e l a t i o n :  
(203) x  are i n  agreement ( t o  a man) about few w o r l d  problems w i t h  y 
x  c o n s u l t  as much as p o s s i b l e  on none o f  the p r o j e c t s  w i t h  Y 
x c o l l a b o r a t e d  c m p l e t e l y  on h a r d l y  any operas w i t h  Y 
x form a Car tes ian  product  w i t h  y i n  ex tens ions  o f  f e w  r e l a t i o n s  
Suppose the re  are few w o r l d  problems t h a t  gl are i n  agreement w i t h  b about, 
- 
-1 - 
and there  are few w o r l d  problems t h a t  a2 are i n  agreement w i t h  b2 about.  For 
- - - 
any w o r l d  problems, whichever i n d i v i d u a l s  are except ions  t o  c m p l e t e  
agreement between the members o f  g1 and the members o f  bl or between the 
- .- 
members o f  a1 and the members o f  bl are  a l s o  except ions  t o  complete aqreement 
- - 
between the members o f  glU2 and the  members o f  blUZ.  Any w o r l d  problems 
- - 
about which the re  i s  a l a r g e r  agreement must be among those t h a t  belong both  
t o  the few problems about which 11 and are i n  agreement and t o  the f e w  
- - 
problems about which s2 and b are i n  agreement. There are t h e r e f o r e  few 
- -2 - 
w o r l d  problems which llU2 i s  i n  agreement w i t h  blU2 about ,  and so the formula 
- -- 
expresses an inc reas ing  r e l a t i o n .  The o the r  fo rmulas  i n  (203) can be 
s i m i l a r l y  shown t o  express i n c r e a s i n g  r e l a t i o n s .  
We r e t u r n  now t o  (189) t o  show t h a t  a l l  conforming i n t e r p r e t a t i o n s  i n  
se t -denota t ive  l o g i c  have unacceptable i m p l i c a t i o n s  when " 4 '  expresses an 
inc reas ing  r e l a t i o n ,  
( 189) NP 1 non- increas ing (Npnon-decrear ing~*  NP2non-decreasinq 4 ,  
where an NP non-decreasing t h a t  i s  non- increasi  ng i s  i n t e r p r e t e d  
o n l y  by (16b), as non-event-dependent. 
The sentences i n  (204)-(206) are s imple examples where the number o f  
* i n t e r v e n i n g  non-decreasing q u a n t i f i e r s  (NP i n  the r e l e v a n t  i n t e r p r e t a t i o n s  
i s  zero, and the i n c r e a s i n g  r e l a t i o n  i s  expressed by an atomic p r e d i c a t e :  
(204)a. Few c r i t i c s  bought ( a t  l e a s t )  t h ree  qood books 
b. Only a few c r i t i c s  bought e x a c t l y  th ree good books 
c. No8 more than ten  c r i t i c s  bought some o f  the  books 
d m  E x a c t l y  ten  c r i t i c s  bought t a t  l e a s t )  th ree qood books 
e. E x a c t l y  ten  c r i t i c s  bought e x a c t l y  th ree good books 
(205)a. Few boys a t e  ( a t  l e a s t )  t h ree  p i e s  
b. Only a  few boys a te  e x a c t l y  th ree  p i e s  
c. Not  more than ten  boys a t e  some o f  the p i e s  
d m   exact!^ ten  boys a te  ( a t  l e a s t )  t h ree  p i e s  
e. E x a c t l y  ten  boys a t e  e x a c t i y  th ree  p i e s  
(206)a. Few boys c a r r i e d  ( a t  least ' )  th ree ca r tons  home 
b. Only r few boys c a r r i e d  e x a c t l y  th ree ca r tons  home 
c .  Not  more than t e n  boys c a r r i e d  sane o f  the ca r tons  home 
d. E x a c t l y  t e n  boys c a r r i e d  t a t  l e a s t )  th ree ca r tons  home 
e. E x a c t l y  ten  boys c a r r i e d  e x a c t l y  th ree  ca r tons  home 
The i n t e r p r e t a t i o n s  conforming t o  (189) a t t r i b u t e  t o  these sentences t r u t h  
c o n d i t i o n s  they i n  f a c t  do n o t  have. T h i s  outcome i s  a  consequence o f  
q u a n t i f y i n g  over a  domain t h a t  i nc ludes  a l l  s e t s  o f  i n d i v i d u a l s  u n r e s t r i c t e d  
by a  r e l a t i o n s h i p  t o  events. 
We demonstrate the u n a c c e p t a b i l i t y  o f  these i n t e p r e t a t i o n s  f o r  the examples 
(204a) and (204e), which i l l u s t r a t e  the two cases o f  non- increas inq NPI, 
decreasing 'few c r i t i c s m  and non-decreasinq ' e x a c t l y  ten  c r i t i c s n ,  and the 
two cases o f  non-decreasing NP2, i n c r e a s i n g  ' ( a t  l e a s t )  th ree good books" and 
non- increas ing ' e x a c t l y  th ree good books'. The u n a c r e p t a b i l i t y  o f  these 
i n t e r p r e t a t i o n s  can be demonstrated f o r  o the r  examples i n  the same way.  
I n  se t -denota t ive  l o g i c ,  the domain o f  q u a n t i f i c a t i o n  i nc ludes  any se t  o f  
i n d i v i d u a l  o b j e c t s  the re  are (except  the empty s e t ) ,  As i n  sec. 4.2, we 
a l l o w  t h a t  the e x i s t i n q  o r  r e l e v a n t  i n d i v i d u a l  o b j e c t s  may depend on the 
con tex t  f o r  the sentence. Thus, ' few c r i t i c s '  i n  (204a) may be intended t o  
mean few o f  the c r i t i c s  a t  hand. Now r e l a t i v e  t o  any con tex t ,  the domain o f  
q u a n t i f i c a t i o n  i n  se t -deno ta t i ve  l o g i c  i nc ludes  every subset ,  except the 
empty s e t ,  o f  r e l e v a n t  i n d i v i d u a l  o b j e c t s  (see n, 4 1 ) .  As i n  sec. 4.2., t o  
revea l  unacceptable i m p l i c a t i o n s  o f  the i n t e r p r e t a t i o n s  t h a t  conform t o  
(1891, we use p a r t i c u l a r  ins tances o f  the s e t s  q u a n t i f i e d  over. Membership 
i n  the s e t s  s p e c i f i e d  by the f o l l o w i n g  d e f i n i t i o n s  again depends on the g iven 
con tex t .  L e t  B'C be the  s e t  o f  c r i t i c s  who bought good books, and l e t  BOB be 
the s e t  o f  good books bought by c r i t i c s :  
(2071 B"C=Cx: c r i t i c t x )  & Er (x  C r )  & Es(good books(s) B r bought s l  
BUB=Cy: good book(y) 8 Es(y s )  & E r ( c r i t i c s ( r 1  & r bought s l ,  
5 and y are  i n d i v i d u a l - v a r i a b l e s ,  and and q are s e t - v a r i a b l e s .  
The s i g n i f i c a n c e  ob the s e t s  i n  (207) i s  apparent f rom t h e i r  c o n s t r u c t i o n  
as f o l l o w s .  L e t  B be the ex tens ion o f  c r i t i c s ( r )  buy aooLb-ooks(s> i n  a  
g iven con tex t .  I t  c o n t a i n s  a l l  and o n l y  p a i r s  ( r , s )  such t h a t  r i s  a  se t  o f  
c r i t i c s ,  s  i s  a  s e t  o f  good books and r bought 5 .  We d e r i v e  the s e t s  i n  
(207) f rom the domain and ranqe o f  B ,  B m C  i s  U( r :  Es ( r , s >  B l ,  and B V  i s  
UCs: Er ( r , s )  < B3. The d m a i n  and range are each a  se t  o f  s e t s  o f  
i n d i v i d u a l s .  The un ion o f  each o b t a i n s  one o f  the s e t s  o f  i n d i v i d u a l s  i n  
(207). Thus, B'C i s  the  un ion o f  the domain o f  the ex tens ion o f  c r i t i c s j ~ l _  
buy aood booksts ) ,  and B'B i s  the un ion o f  the  range o f  the ex tens ion o f  
c r i t i c s ( r 1  b u r  aood books(s),  
Reca l l  t h a t  buy(r ,s)  and now more s p e c i f i c a l l y ,  gri t i c s ( r )  buy aood bo-o&_s_ 
(XI, express an inc reas ing  r e l a t i o n ,  as d e f i n e d  i n  (190).  I t  f o l l o w s  from 
- 
t h i s  p r o p e r t y  o f  the  p r e d i c a t e s  I n d  the d e f i n i t i o n s  o f  B'C and 8'0 t h a t :  
(208) ' c r i t i c s ( B D C >  bought good books(BnB)"is t r u e .  
The p a i r  (B'C, B'B) i s  i t s e l f  i n  the ex tens ion o f  the i nc reas inq  r e l a t i o n .  
The argument below r e l i e s  on (208).  For the general case represented by 
(189),  we c o n s t r u c t  s e t s  i n  the  same way t o  o b t a i n  analogues o f  (208).  " 6 ' '  
i s  a  fo rmula  t h a t  expresses an i n c r e a s i n g  r e l a t i o n  i n  fi 2 2 p laces .  Le t  
N~l,..alN' s tand  f o r  the r e s t r i c t i o n s  on the q u a n t i f i e r s  t h a t  b i n d  p laces  i n  
- -- 
"4' ( c f .  ' c r i t i c s "  i n  "few c r i t i c s '  and 'good b o o k s V n  ' t h ree  good 
books").  We d e f i n e  O'N'i, l l i l n ,  as f o l l w s :  
(209) 4'N'i= (x :  N ' . ( x )  8 ,  f o r  l i j ( i ( k i n ,  
I 
E r ( x t r  & Es ... Esk(N' . (s . )  &...& N' (s 1 8 + ( s  ..., r,  ... s k ) ) l  j J J  k k  j 
The analogue t o  (208), which h o l d s  because '4' expresses an inc reas inq  
r e l a t i o n  i s  (210): 
(210) "+(~'N'1,...,4'N'n)n i s  t rue .  
The argument below r e l i e s  on (208) and i n  the general case on (210).  V'  i s  
r e q u i r e d  t o  express an i n c r e a s i n g  r e l a t i o n  s o l e l y  t o  o b t a i n  these 
statements. The argument f o l l o w s  c l o s e l y  the one i n  sec. 4 . 2 . ,  n e a r l y  word 
f o r  word. 5 6 
I n  the f i r s t  example i n  (204a), NPl i n  (189) i s  a  decreasing q u a n t i f i e r  
'few c r i t i c s ' .  We must cons ider  bo th  o f  i t s  i n t e r p r e t a t i o n s  i n  
se t -denota t iue  l o g i c ,  as an euent-dependent q u a n t i f i e r  accord ing t o  (16a) and 
as a  non-euent-dependent q u a n t i f i e r  accord ing t o  (16b). These 
56. The f o l l o w i n g  argument i s  again unchanged i f  the atomic p r e d i c a t e  does 
n o t  i nco rpo ra te  the  nominals, buy( r ,s ) .  Bu t l  s u b s t i t u t e  f o r  a l l  occurrences 
o f  B'C, BmX the se t  o f  a1 1  buyers, and f o r  a1 1 occurrences o f  BuBl BUY the 
se t  o f  a l l  t h i n g s  bought,  The y e t  s t ranger  i m p l i c a t i o n s  w i l l  be s t a t e d  i n  a 
1  a t e r  foo tno te ,  
i n t e r p r e t a t i o n s  are equ iva len t  r e s p e c t i v e l y  t o  (211) and (2121, which are 
ins tances of (152a) and (152b). The va lues  o f  p, 5 and j. are se ts :  
(211) Ar ( c r i t i c s ( r 1  bought ( a t  l e a s t )  th ree good books + f e w _ - c r i t i c s ( r ) j  
(212) Es((few c r i t i c s ( s 1  & A r ( c r i t i c s ( r )  bought ( a t  l e a s t l t h r e e  good books -t r C s j >  
8 A t ( ( A r ( c r i t i c s ( r 1  bought few good books + r C t )  -t sC t ) )  -- 
The euent-dependent i n t e r p r e t a t i o n  o f  t204a) i s  t r u e  accord ing t o  
se t -denota t ive  l o g i c  i f  and o n l y  i f  ( (211) )  every se t  ( o f  c r i t i c s )  t h a t  
bought ( a t  l e a s t )  th ree good books i s  few c r i t i c s .  Thus, any se t  ( o f  
c r i t i c s )  i s  e i t h e r  few c r i t i c s  o r  d i d  n o t  buy ( a t  l e a s t )  th ree good books: 
(213) A r t few  c r i t i c s _ ( r )  or  n o t - ( c r i t i c s ( r 1  bought ( a t  l e a s t )  th ree qood books>) 
The non-event-dependent i n t e r p r e t a t i o n  imposes s t ronger  c o n d i t i o n s ,  which i n  
f a c t  e n t a i l  the  euent-dependent i n t e r p r e t a t i o n ,  I t  i s  t r u e  accord inq t o  
se t -deno ta t i ve  l o g i c  i f  and o n l y  i f  (212) the un ion o f  every se t  ( o f  c r  i  t i c s l  
t h a t  bought ( a t  l e a s t )  t h ree  good books i s  few books. Any one s e t  ( o f  
c r i t i c s )  i n  the domain i s  e i t h e r  a  subset o f  a p a r t i c u l a r  se t  o f  few c r i t i c s  
and i s  & f o r t i o r i  i t s e l f  few c r i t i c s  o r  d i d  not buy ( a t  l r a u t )  t h ree  qood 
books: 
(214) Es((few c r i t i c s ( s 1  & Ar ( rCs or  n o c ( c r i t i c s ( r >  bought ( ! ) t h ree  good books)) 
& A t t ( A r ( c r i t i c s ( r )  bought ( 2 )  t h ree  good books + r C t )  + sC t ) )  
S i m i l a r  remarks p e r t a i n  t o  the  second case where NP, i s  " e x a c t l y  ten 
c r i t i c s "  i n  (204e). We must cons ider  bo th  o f  i t s  i n t e r p r e t a t i o n s  i n  
se t -denota t iue  l o g i c ,  as an event-dependent q u a n t i f i e r  accord ing t o  (16a) and 
as a  non-euent-dependent q u a n t i f i e r  accord ing t o  (16b).  These 
i n t e r p r e t a t i o n s  are equ iva len t  r e s p e c t i u e l y  t o  (215) and (2161, which are 
ins tances o f  (152a) and (132b). The va lues  o f  r, 5 and are se ts :  
(215) Ar ( c r  i t i c s ( r )  bought e x a c t l y  th ree  qood books + exac,tly-.-_ttnc.ri t i c,$(r)! 
(216) Es( ( lO!  c r i t i c z ( s )  & A r ( c r i t i c s ( r )  bought 3 !  good books + rCs ) )  
& A t ( ( A r ( c r i t i c s ( r 1  bought 3!  qood books + r C t )  + sC t ) )  
The event-dependent i n t e r p r e t a t i o n  o f  (204e) i s  t r u e  accord ing t o  
se t -denota t ive  l o g i c  i f  and o n l y  i f  ( (215) )  every se t  ( o f  c r i t i c s )  t h a t  
bought e x a c t l y  th ree  good books i s  e x a c t l y  ten  c r i t i c s .  Thus, any se t  ( o f  
c r i t i c s )  i s  e i t h e r  ten  c r i t i c s  o r  d i d  not buy e x a c t l y  th ree qood books: 
(217) A r (exac t1 r  ten c r i t i c s ( r 1  o r  & ( c r i t i c s ( r )  bought e x a c t l y  th ree good books; 
The non-event-dependent i n t e r p r e t a t i o n  i s  t r u e  accord ing t o  se t -denota t ive  
l o g i c  i f  and o n l y  i f  (216) the un ion o f  every s e t  ( o f  c r i t i c s )  t h a t  bought 
e x a c t l y  th ree good books i s  e x a c t l y  ten  books. Any one se t  ( o f  c r i t i c s )  i n  
the  domain i s  e i t h e r  a subset o f  a p a r t i c u l a r  s e t  o f  ten  c r i t i c s  or  d i d  not, 
buy e x a c t l y  th ree  good books: 
(218) Es( ( lO!  c r i t i c s ( s 1  & Ar ( rCs or  ~ o J ( c r i t i c s ( r )  bought 3 !  good books)) 
& A t ( ( A r ( c r i t i c s ( r 1  bought 3! good books + r C t )  + sCt ) )  
The expressions l a s t  seen r e p r e s e n t i n g  the  t r u t h  c o n d i t i o n s  of 
event-dependent and non-event-dependent NP1 c o n t a i n  i n  a d i s j u n c t  the 
non-decreasing q u a n t i f i e r s  corresponding t o  NP i n  (189),  e i t h e r  the 2 
non-decreasing, i n c r e a s i n g  ' ( a t  l e a s t )  th ree good books" or  the 
non-decreasing, non- increas ing ' e x a c t l y  th ree good books': 
(213),(214) ... o r  m ( c r i t i c s ( r )  bought t a t  l e a s t )  th ree good books)... 
(217),(218) ... o r  m ( c r i t i c s ( r )  bought e x a c t l y  th ree good books).., 
We must consider  the i n t e r p r e t c t i o n s  o f  the i n c r e a s i n g  NP under both  c lauses 2 
of(151,  as making und iv ided  re fe rence  t o  a denotatum and as d i v i d e d  amonq 
denotata. Observing the  c o n d i t i o n  on non- increas ing NP we consider  o n l y  2 ' 
i t s  i n t e r p r e t a t i o n  by c lause (16b), as non-event-dependent. The va lues  o f  u, 
v and g are a l s o  se ts ,  and the va lues  o f  x are i n d i v i d u a l  ob jec ts :  
..- 
(219) f rom (2131 and (214) a, (und iv ided  r e f . ) :  
.,.or notCEu((2)3 sood books(u) h c r i t i c s ( r r  bouqht good books (u ) ) l . . .  
b. ( d i v i d e d  ref . ) : . . .ar  & tEu( (>)3  sood books(v1 & 
Ax(xCv + EuixCu & uCu C c r i t i c s ( r )  bought good b o o k s ( u ) ) ) ) l . . .  
(220) f rom (217) and(218) (non-ev. dep.):  
... or  *CEu ( ( 3 !  aood books(u1 & A v ( c r i t i c s t r )  bought good books(u> + vCu>) 
8 A w ( ( A u ( c r i t i c s ( r )  bought good books(v) + v&) + u-&))I.., 
Pushing through the negat ion  these are equ iva len t  t o :  
(221) f r w n  (213) and (214) a. (und iv ided  r e f . ) :  
... o r  Au(not((!)3 aood books(u) o r  m ( c r i t i c s ( r 1  bought good books iu ) ) ) . . .  
b .  ( d i c i d e d  re f , ) : . . .o r  Av ( n o t ( { > ) 3  aood books(v))  o r  
Ex(x€v & Au(not (x€u)  or  nat(uCu) or  nwJicr i t ics(r)  bought good b o o k s ( u > ) ) > ) . .  
(222) f rom (217) and(218) (non-ev. dep,): 
... o r  Au ((&(3! qood books(u)) o r  E v ( c r i t i c s ( r 1  bought good books(v) & npt(vCu1) 
o r  E w i ( A v ( c r i t i c s ( r )  bought good books(v> + v&) & _n_o_t-(uCw)>)) ... 
Reca l l  t h a t  we are t o  use BmC and BmB, the  s e t  o f  a l l  c r i t i c s  who bouqht 
good books and the s e t  o f  a l l  good books bought by c r i t i c s  ( i n  whatever 
con tex t )  as a p a r t i c u l a r  instance o f  the  s e t s  q u a n t i f i e d  over t o  revea l  
unacceptable i m p l i c a t i o n s  o f  the se t -deno ta t i ve  i n t e r p r e t a t i o n s  o f  (204aj  and 
(204e) which conform t o  (189). (204a) under any combinat ion o f  (213) or  
(214) w i t h  (221a) o r  (221b) w i l l  r e q u i r e  BmC t o  meet a t  l e a s t  the c o n d i t i o n  
i n  (2231, where i s  a v a r i a b l e  over i n d i v i d u a l  o b j e c t s :  
(223) few c r i t i c s ( B n C )  or  A u ( ~ o t t ( a t  l e a s t )  t h ree  ~g.od~bo.oI( ,s~u) or 
n o t ( c r i t i c s ( B m C )  bouqht good books(u) ) )  
- 
For i f  B'C i s  n o t  few c r i t i c s  i t  i s  a l s o  n o t  a subset o f  f e w  c r i t i c s .  The 
event-dependant i n t e r p r e t a t i o n  and the non-event dependent i n t e p r e t a t i o n  o f  
(204a) then r e q u i r e  t h a t  BnC no t  have bought ( a t  l e a s t )  th ree books. That 
i s ,  B'C bought fewer than th ree good books, whether " ( a t  l e a s t )  th ree books" 
i s  i n t e r p r e t e d  as hav ing  d i v i d e d  o r  und iv ided  re fe rence .  1f " ( a t  l e a s t )  
th ree books' i s  i n t e r p r e t e d  as hav ing  und iv ided  re ference ( (221a) ) ,  there  i s  
no s e t  o f  ( a t  l e a s t )  t h ree  baoks t h a t  B U C  bought.  I f  the q u a n t i f i e r  i s  
i n t e r p r e t e d  as d i v i d e d  among deno ta ta ( (22 lb ) ) ,  thenthere i s  no se t  o f  t a t  
l e a s t )  th ree good books whose members can be d i v i d e d  up among s e t s  each o f  
which B'C bought.  O f  course any s e t  p r o s c r i b e d  by the f i r s t  i n t e r p r e t a t i o n  
i s  a l s o  p r o s c r i b e d  by the second. Such a  s e t ,  a  se t  o f  ( a t  l e a s t )  th ree good 
books t h a t  B'C bought, i s  j u s t  the spec ia l  case where the members o f  a  se t  o f  
( a t  l e a s t )  t h ree  good books are d i v i d e d  up among o n l y  one se t  t h a t  B n C  
bought.  Thus, (223) rep resen ts  the weakest c o n d i t i o n  on B'C r e q u i r e d  by a l l  
the  se t -denota t ive  i n t e r p r e t a t i o n s .  
S i m i l a r  remarks show t h a t  (204e) under any combinat ion o f  (217)  or (218)  
w i t h  (222) r e q u i r e s  B'C t o  meet a t  l e a s t  the  c o n d i t i o n  i n  (224) :  
(224) e x a c t l y  ten  c r i t i c s < B m C )  o r  Au ( (no t (exac t1y  th ree pood booKs(ul> or  
E v ( c r i t i c s ( B m C )  bouqht good books(v) & &tvCu)))  o r  
Ew((Av<cr i t i cs (BmC) bouqht good books(v) + vCw) 8 n_ot(u-@)))) 
The second d i s j u n c t  comes d i r e c t l y  f rom (222) by s u b s i t u t i n g  BaC f o r  C. 
Concerning the f i r s t  d i s j u n c t ,  i t  should be p o i n t e d  out  t h a t  the 
non-event-dependent i n t e r p r e t a t i o n  o f  ' e x a c t l y  ten  c r i t i c s a  would n o t  imply 
(224) i f  8°C were any a r b i t r a r y  sets7; b u t ,  as the s e t  o f  a l l  c r i t i c s  t h a t  
bought good books, B8C cannot be l e s s  than ten  c r i t i c s  i f  the 
57, For an a r b i t r a r y  s e t  S, the non-event dependent i n t e r p r e t a t i o n  imp l ies  
( i): 
( i )  i ten  c r i t i c s ( S )  o r  A u ( ( ~ ( e x a c t 1 y  th ree  a o ~ d  book-s(u)l 
o r  E v ( c r i t i c s ( S )  bought good books(v) & not (vCu) ) )  
o r  Ew( (Au(c r i t i cs (S )  bought good books(v1 + v&) & n o t ( u Q ~ ) ) ) )  
(223) would s t i l l  be i m p l i e d  by a l l  o f  (204a)'s i n t e r p r e t a t i o n s  i f  B M C  were 
an a r b i t r a r y  s o t .  
non-event-dependent i n t e r p r e t a t i o n  i s  t r u e ,  s ince the re  must be e x a c t l y  ten 
c r i t i c s  buy ing e x a c t l y  th ree good books. I f  B'C i s  more than ten c r i t i c s ,  
then t h i s  i n t e r p r e t a t i o n  r e q u i r e s  t h a t  8°C n o t  buy e x a c t l y  th ree good books, 
as i n  (224). 
I n s t a n t i a t i n g  the u n i u e r s a l  q u a n t i f i e r  'Au" i n  (223) and (224) w i t h  B'B, we 
have (225) i m p l i e d  by (204a) and (226) i m p l i e d  by (204e): 
(225) few c r i t i c s t B m C )  o r  a ( t a t  l e a s t )  t h ree  aood books(Bu0) or  
n o t ( c r i t i c s ( B 9 C )  bought good books(BmB)) 
- 
(226) e x a c t l y  ten  c r i t i c s ( B m C >  or  ( m ( e x a c t 1 y  th ree qood bop&tBnB)> or  
E v ( c r i t i c s ( B m C )  bought good books(vS & not (vCBmB>))  or 
Ew( (Av (c r i t i cs iBaC)  bought good books(v> 4 uB) 8 n o t ( B * B ~ w > j >  
Now, s ince ' c r i t i c s ( B a C )  bought good books(BaB)" i s  t r u e  by (2081, the l a s t  
d i s j u n c t  o f  (225) cannot o b t a i n ,  (204a) t h e r e f o r e  i m p l i e s  (227 ) :  
(227) few c r i t i c s ( B n C )  o r  a t ( a t  l e a s t )  t h ree  oood books(BuB) 
A l s o  (204e) i m p l i e s  (2281, s ince  BNB cannot s a t i s f y  the o ther  d i s j u n c t s  o f  
(226) : 
(228) e x a c t l y  ten  c r i t i c s i B m C )  o r  ( a ( e x a c t 1 y  th ree qood books(BUB)) 
As B'B i s  de f ined,  any s e t  o f  good books t h a t  B'C bought i s  a  subset o f  B"B. 
Thus B'B does n o t  s a t i s f y  the second d i s j u n c t .  BnB i s  a l s o  the l e a s t  se t  
t h a t  any s e t  o f  qood books t h a t  B'C bought i s  a  subset o f ,  which excludes the 
t h i r d  d i s j u n c t .  
R e c a l l i n g  t h e i r  d e f i n i t i o n  i n  (207), what i s  i m p l i e d  about B'C and B'B by 
the v a r i o u s  se t -denota t iue  i n t e r p r e t a t i o n s  o f  (204a) and (204e) can be 
paraphrased as f 01 1  w s :  
(229) 1i204a) i m p l i e s  t h a t  i n  the g iven con tex t1  few c r i t i c s  bought qood books, o 
there  are n o t  ( a t  l e a s t )  th ree good books bouqht by c r i t i c s .  
(230) t (204e) i m p l i e s  t h a t  i n  the g i ven  c o n t e x t l  e x a c t l y  ten  c r i t i c ~ ~ b o u q h t  qood 
books, o r  n o t  e x a c t l y  th ree good books were bouqht by c r i t i c s .  
Reca l l  t h a t  the c l a i m  was t h a t  a l l  i n t e r p r e t a t i o n s  i n  se t -denota t ive  l o q i c  
t h a t  conform t o  (109) have unacceptable t r u t h  c o n d i t i o n s .  
( 189) NP 1 
non- increas ing non-decreasinq * non-decreasinq (NP ) NP2 e 1 
where an NP non-decreasing t h a t  i s  non- increas inq i s  i n t e r p r e t e d  
o n l y  by (16b), as non-event-dependent. 
We p rov ide  now a schema t h a t  shows an unacceptable i m p l i e a t i o n  i n  the qeneral 
case when there  are one or  more non-decreasing q u a n t i f i e r s :  
non- increas inq non-decreasing.mnNp non-decreasing (231) NP 1 NP2 n 0 ,  
where an NP n0n-decrea5ing t h a t  i s  non-i ncreas i  ng i s  i n t e r p r e t e d  
o n l y  by (16b), as non-event-dependent, 
These c o n d i t i o n s  are ob ta ined  by reason ing as above. I t  i s  l e f t  t o  the 
reader t o  v e r i f y  t h a t  f o r  the  s e t s  d e f i n e d  i n  (209) a l l . s e t - d e n o t a t i v e  
i n t e r p r e t a t i o n s  conforming t o  (231) i n  which '# '  expresses an inc reas ing  
r e l a t i o n  imply (232): 
(232) NPI non- increasing (4"N'1) o r  
n ~ n - d e c r e a s i n g ( , ~ ~ , ~ ) )  or non-decreasi ng(4uN, nH 
n o t  (NP2 
- .... o r  @(NPn 
A schematic paraphrase o f  (232) i s :  
(233) NPI (-ed Nd2s ... P NJns. o r  
there  were no t  NP2 t h a t  were 4'ed by N'ls...P N',S, or . . .  
58. If the argument i s  m o d i f i e d  accord ing t o  n. 56, we o b t a i n  ins tead:  
(229')1(204a) i m p l i e s  t h a t  i n  the  g i ven  con tex t1  few c r i t i c s  bought th ings ,  
o r  there  are no t  ( a t  l e a s t )  t h ree  good books bought by anyone. 
(230')1(204e) i m p l i e s  t h a t  i n  the  g i ven  con tex t1  e x a c t l y  ten  c r i t i c s  bought thinc 
or  no t  e x a c t l y  th ree good books were bought by anyone. 
there  were no t  NPn t h a t  N'ls ('ed N'2s P. 
The argument as presented used examples (204a) and (204e>, where ' 4 "  i s  an 
atomic p red ica te .  As seen i n  (203), ' 4 '  can be a complex fo rmula  t h a t  
expresses an i n c r e a s i n g  r e l a t i o n ,  such as 'x are i n  agreement about f e w  w o r l d  
problems w i t h  y'. The same argument except f o r  obvious s u b s t i t i o n s  w i l l  show 
t h a t  se t -deno ta t i ve  i n t e r p r e t a t i o n s  o f  (234) w i l l  have the unacceptable 
i m p l i c a t i o n s  i n  (239): 
(234)a. Few o f  the Democrats are i n  agreement about f e w  w o r l d  problems 
w i t h  e x a c t l y  th ree  Republ icans,  
b. E x a c t l y  ten Democrats are  i n  agreement about few w o r l d  problems 
w i t h  ( a t  l e a s t )  t h ree  Republ icans. 
(235)a. There are few Democrats i n  agreement about few w o r l d  problems 
w i t h  Republ icans, o r  t he re  are  n o t  e x a c t l y  th ree Republ icans who 
any Democrats are  I n  agreement about f e w  w o r l d  problems w i t h .  
b. There are e x a c t l y  ten  Democrats i n  agreement about f e w  w o r l d  problems 
w i t h  Republ icans, o r  there  are no t  ( a t  l e a s t )  three Republ icans who 
any Democrats a re  i n  agreement about few w o r l d  problems w i t h .  
Because '$' can be a complex fo rmula ,  a g i ven  sentence may have a v a r i e t y  
o f  unacceptable i n t e r p r r e t a t i o n s :  
t 236) NP1 non- i ncr  ,2( NP3non-decr non-decr ,3( ,. .NP k @ k t  R )  1 )  
The above argument show how t o  be c o n s t r u c t  one f o r  each " O i "  i n  (236) i f  i t  
expresses an inc reas ing  r e l a t i o n  f o r  the v a r i a b l e s  f r e e  i n  ' 4 i ' .  Thus, the 
se t -denota t ive  i n t e r p r e t a t i o n s  o f  the sentence i n  (237) can be shown t o  imply 
(238) i f  ' 4 "  i s  taken t o  be ' c r i t i c s ( r )  bouqht good booksts)  a t  a t  l e a s t  
th ree used book s t o r e s m  and t o  imply (239) i f  " 4 "  i s  taken t o  be " c r i t i c s ( r )  
bouqht good books(s) a t  used book s t c r e s ( t ) ' .  
(237) Few c r i t i c s  bought a t  l e a s t  ten  good books a t  a t  l e a s t  th ree used book stor 
(238) Few c r i t i c s  bouqht good books a t  a t  l e a s t  th ree used book s to res ,  o r  t he re  
were n o t  a t  l e a s t  t en  good books bouqht by c r i t i c s  a t  
a t  l e a s t  th ree used book s to res .  
(239) Few c r i t i c s  bought good books a t  used book s t o r e s ,  o r  there  were not  
a t  l e a s t  t en  good books bought by c r i t i c s  a t  used book s to res ,  or  there  werc 
no t  a t  l e a s t  th ree used book s t o r e s  t h a t  any c r i t i c s  bought qood books a t ,  
I t  may be h e l p f u l  t o  compare the  unacceptable i n t e r p r e t a t i o n s  assigned by 
se t -denota t ive  l o g i c  w i t h  acceptable i n t e r p r e t a t i o n s .  
Consider f i r s t  those i n t e r p r e t a t i o n s  i n  which the scope i n d i c a t e d  i n  (1891 
i s  assigned t o  s tandard  q u a n t i f i e r s ,  which b i n d  v a r i a b l e s  whose va lues  are 
i n d i v i d u a l  ob jec ts :  
(240) [Few x: c r i t i c ( x ) I C t 1 ) 3 y :  good book(y11 c r i t i c ( x >  bought good book(y) 
(241) [ l o !  x :  c r i t i c ( x ) l t 3 !  y: good b o o k ( y ) l  c r i t i c ( x 1  bought good book(y)  
When an a r b i t r a r y  s e t  i s  more than few c r i t i c s ,  (240) r e q u i r e s  t h a t  a t  l e a s t  
one i n d i v i d u a l  c r i t i c  does n o t  s a t i s f y  the fo rmula  w i t h i n  the scope o f  NP,. 
v i z . ,  "[Few x :  c r i t i c ( x ) l C ( a t  l e a s t )  t h ree  y: good book (y ) l  c r i t i c ( x )  bought 
good book (y In .  That i s  a t  l e a s t  one o f  them d i d  no t  buy ( a t  l e a s t )  th ree 
good books; he bought one o r  two or  none. T h i s  i s  a p o s s i b l e  i n t e r p r e t a t i o n  
o f  (204a). Note t h a t  the c o n d i t i o n s  imposed by t h i s  i n t e r p r e t a t i o n  are m e t  
by a s e t  o f  many c r i t i c s ,  who are a l l  buy ing good books, i f  f o r  example each 
bought e x a c t l y  one. But ,  the se t -deno ta t i ve  i n t e r p r e t a t i o n s  conforming t o  
(189) cou ld  be t r u e  of such a  s e t  o n l y  i f  there  were no t  a t  l e a s t  three good 
books bought by members o f  t h a t  s e t .  There must be one or  two good hooks 
t h a t  eucry good book bought by a  member i s  i d e n t i c a l  t o  one o f .  
S i m i l a r l y ,  when an a r b i t r a r y  s e t  i s  more than ten c r i t i c s ,  (241)  r e q u i r e s  
t h a t  a t  l e a s t  a l l  bu t  ten  o f  the c r i t i c s  i n  t h a t  s e t  each f a i l s  t o  s a t i s f y  
' t e x a c t l y  th ree y: good book(y) l  c r i t i c ( x )  bought good book(y) " .  Each o f  a l l  
bu t  t en  bought some o the r  number o f  good books. They c o u l d  have a l l  bought 
same good books. But ,  i n  t h i s  case, the se t -denota t iue  i n t e r p r e t a t i o n s  o f  
(204,) conforming t o  (189) c o u l d  be t r u e  o n l y  i f  t h e i r  c o l l e c t e d  purchases 
were e x a c t l y  th ree good books. 
As we have seen, the  ddmain o f  se t -deno ta t i ve  l o g i c  i nc ludes  euery 'set o f  
r e l e v a n t  i n d i v i d u a l s .  We were thus  ab le  t o  choose i n  p a r t i c u l a r  BuC and BnB. 
Given t h e i r  d e f i n i t i o n  and the i nc reas ing  p rope? ty  o f  ' c r i t i c s ( r )  bouqht good 
books(s)" ,  B'C bought B'B. The c o n d i t i o n s  imposed on a r b i t r a r y  s e t s  o f  
book-buying c r i t i c s  and good books bouqht by c r i t i c s  imply what we have seen 
i n  (227) and (228) f o r  the  p a r t i c u l a r  s e t s  B8C and B'B. 
I t  shou ld  n o t  be m i s t s k e n l y  concluded f rom the d i scuss ion  o f  sec, 4.6, 
t h a t  no i n t e r p r e t a t i o n  o f  examples i n  (204)-(206) w i l l  ever impose c o n d i t i o n s  
on the e n t i r e  d u n r i n  and ranqe o f  a  r e l a t i o n ' s  ex tens ion i n  a  g iven con tex t ,  
analogous t o  B8C and 6'8, which are a l l  the c r i t i c s  buy ing good books and a l l  
the good books bought by c r i t i c s  i n  a  g i ven  c o n t e x t .  
To v a r y i n g  degrees o f  a c c e p t a b i l i t y ,  these sentences admit a  sum o f  p l u r a l s  
i n te rp re ta t ions9 .  Th i s  i s  not  one o f  the excluded i n t e r p r e t a t i o n s  conforming 
t o  (1891, s ince,  i t  should be reca l l ed ,  none of the p l u r a l s  i s  w i t h i n  the 
scope o f  another i n  a  sum o f  p l u r a l s .  . T h i s  i n t e r p r e t a t i o n  of  (204a) means 
t ha t  few c r i t i c s  bought good books and ( a t  l e a s t )  three good books were 
bought by c r i t i c s .  S i m i l a r l y ,  i n  the case o f  (204e), i t  means tha t  exac t l y  
ten c r i t i c s  bought good boo&s and exac t l y  three qood books were bought by 
c r i t i c s .  
I n  any context  i n  which B'C bought 0'0, the sum o f  p l u r a l s  i n t ep re ta t i ons  
o f  (204a1 and (204e) w i l l  r equ i r e  r espec t i ve l y  the cond i t i ons  i n  (242) and 
(243) t o  be met: 
(242) few c r i t i c s (BmC1  & ( a t  l e a s t )  three good books(BmB) 
(243) exact1 y ten c r  i t ics(BaC) & exact1 y  three good books(BWB) 
Note t ha t  i n  any context  i n  which (242) i s  t rue ,  (227) i s  a l so  t rue ,  
although i t  was judged t ha t  (2271 i s  not  a  v a l i d  imp l i ca t i on  o f  e i t h e r  the 
event-dependent or non-event-dependent i n t e r p r e t a t i o n  o f  (204a). S i m i l a r l y ,  
(2281, an unacceptable imp l i ca t i on  o f  any set-denotat ive i n t e r p r e t a t i o n  o f  
(204e) tha t  conforms t o  (1891, i s  t r ue  i n  any context  i n  which (243) 
obtains.  Nevertheless, the sum o f  p l u r a l s  i n t e r p r e t a t i o n  cannot be 
confounded w i t h  these. o thers .  
F i r s t ,  i n  any context  i n  which a sum o f  p l u r a l s  i n t e r p r e t a t i o n  imposes the 
cond i t i ons  i n  (242) o r  (2431, i t  does no t  impose such a  cond i t i on  on any 
other sets.  As we have seen, the set-denotat ive i n t ep re ta t i ons  conforming t o  
5 9 ,  I t  i s  somewhat marginal i f  the sub ject ,  NP , i s  a  decreasing q u a n t i f i e r ,  
as i n  the much discussed nobody l ove r  nobody w \  t h  the meaning t ha t  nobody 
loves and nobody i s  loved, See May (19841. 
(109) q u a n t i f y  over a l l  the s e t s  o f  i n d i v i d u a l s  i n  a  g iven con tex t .  Second, 
the re  are s i t u a t i o n s  o f  which the  se t -deno ta t i ve  i n t e r p r e t a t i o n s  c o n f o r m ~ n q  
t o  (109) are  t r u e  b u t  n o t  the  sum o f  p l u r a l s .  Thus, these i n t e r p r e t a t i o n s  o f  
(204a) a re  t r u e ,  a l though the sum o f  p l u r a l s  i n t e r p r e t a t i o n  i s  f a l s e ,  i f  
every c r i t i c  bought e x a c t l y  one and the same qood book. Since, o n l y  one good 
book was bought by c r i t i c s ,  the i n t e r p r e t a t i o n s  conforming t o  (189) are 
v e r i f i e d .  The rum o f  p l u r a l s  i n t e r p r e t a t i o n  i s  f a l s e  because fewer than 
th ree good books were bought by c r i t i c s .  
4.8 Cmoar i son  w i t h  event l o a i c  
(244)-(245) represent  the event l o g i c  f o r  event-dependent and 
non-event-dependent i n t e r p r e t a t i o n s  o f  (204a) and t 204e ) .  Recal l  t h a t  the 
60 . va lues  o f  Q are  events  and the va lues  o f  x - a r e  i n d i v i d u a l  o b j e c t s  . 
(244)a.(eu.-dep.) IAe: buy ( a t  l e a s t )  3 qood books(e)lCfew c r i t i c s C x ) l  x  C e 
b.(non-ev.-dep.) [ few c r i t i c s ( x ) l [ E e :  buy ( a t  l e a s t )  3 qood books (e ) l  x C e 
(246)a.(ev.-dep.)IAe: buy e x a c t l y  3 good b o o k s ( e ) l ~ e x a c t l y  10 c r i t i c s ( x ) I  x E e 
b.(non-eve-dep.) [ e x a c t l y  10 c r i t i c s ( x ) l t E e :  buy e x a c t l y  3 good books(e) l  x 6 e 
I n  event l o g i c ,  c o n d i t i o n s  on a r b i t r a r y  s e t s  are e n t i r e l y  d e r i v e d  f rom 
q u a n t i f y i n g  over events  i n  which t h e i r  members p a r t i c i p a t e d .  I n  an 
event-dependent i n t e r p r e t a t i o n  such a5 (244a), NP1 'few c r i t i c s '  i s  a  
c o n d i t i o n  on an a r b i t r a r y  s e t  j u s t  i n  case the members o f  t h a t  se t  are the 
60. For e x p l i c i t n e s s ,  we r e t a i n  the n o t a t i o n  i n  which " 6 "  stands f o r  " i s  
i nvo lved  i n Y .  See the d i scuss ion  i n  sec. 3.3 i n  which l o g i c a l  forms w i t h o u t  
' 6 '  are  adopted. 
p a r t i c i p a n t s  i n  an event o f  buy ing  ( a t  l e a s t )  t h ree  good books. When an 
a r b i t r a r y  s e t  i s  more than few c r i t i c s ,  (244a) r e q u i r e s  o n l y  t h a t  there  be i n  
the g iven con tex t  no such event whose p a r t i c i p a n t s  are the members o f  t h a t  
s e t ,  I n  p a r t i c u l a r  when BmC i s  more than few c r i t i c s ,  (244a) r e q u i r e s  t h a t  
there  be no event o f  buy ing  ( a t  l e a s t )  th ree good books by BnC. B'B w i l  be 
r e q u i r e d  t o  be n o t  ( a t  l e a s t )  th ree good books j u s t  i n  case the contex t  
c o n t a i n s  an i n d i v i d u a l  event  o f  c r i t i c s  buy ing good books i n  which some 
c r i t i c s  who are n o t  few bouqht B'B. Thus, i n  c o n t r a s t  t o  the se t -deno ta t i ve  
c o n d i t i o n s  i n  (227), some c o n t e x t s  i n  which the even t - l og i ca l  i n t e r p r e t a t i o n  
(244a) i s  t r u e  meet o n l y  the t h i r d  c o n d i t i o n  i n  (247): 
(247) few c r i t i c s ( B m C )  o r  n o t ( ( a t  l e a s t )  t h ree  good books(BUB)) 
o r  t he re  i s  no event o f  BmC buy ing  8.0 
S i m i l a r  remarks app ly  t o  the event l o g i c  Sor non-event-dependent 
i n t e r p r e t a t i o n s ,  as i n  (244b). When an a r b i t r a r y  s e t  i s  more than f e w  
c r i t i c s ,  (244b) r e q u i r e s  t h a t  no t  a l l  o f  i t s  members p a r t i c i p a t e d  i n  events 
o f  buy ing  ( a t  l e a s t )  t h ree  good books. I n  p a r t i c u l a r ,  there  i s  no one such 
event i n  which a l l  o f  i t s  members are  the p a r t i c i p a n t s .  Thus, i f  BmC i s  more 
than few c r i t i c s ,  i t s  members are  n o t  p a r t i c i p a n t s  i n  events o f  buy inq ( a t  
l e a s t )  th ree good books, and, i n  p a r t i c u l a r ,  t he re  i s  no one event o f  b u r i n s  
( a t  l e a s t )  th ree good books i n  which the  members o f  0°C are the 
p a r t i c i p a n t s  The q u a n t i t y  o f  BmB i s  u n a f f e c t e d  un less  there  i s  an 
i n d i v i d u a l  event o f  c r i t i c s  buy ing  BnB. Thus, some c o n t e x t s  i n  which I 2 4 4 b )  
i s  t r u e  a l s o  meet o n l y  the t h i r d  c o n d i t i o n  i n  (247),  i n  c o n t r a s t  t o  the 
se t -denota t ive  r e n d e r i n g  o f  the non-event-dependent i n t e r p r e t a t i o n  which 
r e q u i r e s  every con tex t  t o  meet the f i r s t  o r  second c o n d i t i o n  (227) ) .  
As we have seen, i n  event l o g i c ,  the r e a l  o b j e c t s  o f  p r e d i c a t i o n  and 
q u a n t i f i c a t i o n  are  events r a t h e r  than se ts .  The q u a n t i t y  o f  a  se t  i s  
a f f e c t e d  o n l y  i n  so f a r  as i t s  members are p a r t i c i p a n t s  i n  events,  I t  should 
be emphasized t h a t  we do no t  expect t h a t  the d e f i n i t i o n  o f  B'C and BmB 
((209))  f o r  r g iven  con tex t  d e f i n e r  a  corresponding event i n  t h a t  c o n t e x t .  
Suppose, as i n  sec. 4.4, t h a t  a l l  c r i t i c s  i n  the g i ven  con tex t  are d i v i d e d  
among l o c a l  book c lubs .  On d i f f e r e n t  days o f  the week, a d i f f e r e n t  c l u b  w i l l  
go on an o u t i n g  a t  which the members who are  present  buy books f o r  the c l u b .  
The events o f  t h i s  con tex t  are the  ou t ings .  According t o  the euen t - l og i ca l  
(2441, the event-dependent i n t e r p r e t a t i o n  o f  (204a) i s  t r u e  i n  t h i s  con tex t  
i f  and o n l y  i f  each o f  the o u t i n g s  a t  which ( a t  l e a s t )  th ree good books were 
bought i nvo lved  few c r i t i c s ,  and the non-euent-dependent i n t e r p r e t a t i o n  i s  
t r u e  i f  and o n l y  i f  a l l  such o u t i n g s  i n v o l v e d  a l l  together  few c r i t i c s ,  The 
d e f i n i t i o n s  o f  B'C and B'B c u t  across the events. Now i n  t h i s  con tex t  R u C  i s  
the  s e t  o f  a l l  c r i t i c s  who went on any o f  the  ou t ings ,  and B'B i s  the se t  o f  
a l l  books bought on any o f  the ou t ings .  So def ined,  the re  i s  no event i n  
t h i s  con tex t  o f  B'C buy ing  BmB. I t  i s  n o t  any o f  the i n d i v i d u a l  ou t i ngs .  The 
domain o f  events, the  ou t ings ,  does n o t  i nc lude  one which a l l  the o t h e r s  are 
p a r t s  o f .  
I n  o the r  contex ts ,  B'C and B'B might  j u s t  happen t o  be the p a r t i c i p a n t s  o f  
an i n d i v i d u a l  event o f  c r i t i c s  buy ing  good books. Consider a  domain o f  
events t h a t  i nc ludes  a l l  the o u t i n q s  o f  the l o c a l  book c l u b s  bu t  a l s o  some 
book-buying o u t i n g s  o f  the n a t i o n a l  o r g a n i z a t i o n  t o  which a l l  l o c a l s  and 
t h e i r  members belong. One o f  the n a t i o n a l  o u t i n g s  nay have been a t tended by 
a l l  and o n l y  the  c r i t i c s  who went on l o c a l  c l u b  ou t ings ,  and the good books 
bought on the n a t i o n a l  o u t i n g  may be a l l  and o n l y  the good books bought on 
the  l o c a l  ou t i ngs .  Only i n  such c i rcumstances do the  euen t - l oq i ca l  
i n t e r p r e t a t i o n s  imply t h a t  a l l  the c r i t i c s  buy ing  good books are few or  the re  
were n o t  (a4 l e a s t )  t h ree  good books bought by c r i t i c s ,  For i n  t h i s  case, 
a l l  the c r i t i c s  who bought good books a l s o  bought good books i n  an i n d i v i d u a l  
event,  the  n a t i o n a l  ou t i nq ,  and a l l  the good books bought by c r i t i c s  were 
a l s o  bought i n  the same i n d i v i d u a l  euent. Note however t h a t  the domain o f  
events s t i l l  does n o t  i nc lude  one which a l l  the  o t h e r s  are p a r t s  o f .  T h i s  i s  
n o t  the r e l a t i o n s h i p  between the n a t i o n a l  o u t i n g  and the l o c a l  ou t i nqs .  
As i n  set. 3.5, we do n o t  expect a  domain o f  events t o  be c losed  under 
recombinat ions o f  t h e i r  p a r t s .  What has happened across  several  ou t i nqs  i s  
n o t  i t s e l f  another event i n  tho domain q u a n t i f i e d  over i n  (244). Hence, we 
cannot expect the  s e t s  B'C and 0'0 as d e f i n e d  t o  correspond t o  an event i n  
the  domain, I t  i s  thus  p o s s i b l e  f o r  c o n t e x t s  i n  which the  e v e n t - l o g i c a l  
i n t e r p r e t a t i o n s  are  t r u e  t o  meet o n l y  the  t h i r d  c o n d i t i o n  i n  (247). 
We have a l ready  seen what the se t -denota t ius  i n t e r p r e t a t i o n s  imply i n  t h i s  
con tex t  o r  any o the r .  The o b j e c t s  o f  p r e d i c a t i o n  and q u a n t i f i c a t i o n  are s e t s  
o f  i n d i v i d u a l s  u n r e s t r i c t e d  by any r e l a t i o n s h i p  t o  events.  Even i n  the 
narrower con tex t  i n  which j u s t  l o c a l  o u t i n g s  are  t a l k e d  about, B U C  and 0'9, 
al though n o t  the  p a r t i c i p a n t s  o f  any one l o c a l  o u t i n g ,  are i n  the domain o f  
s e t s  o f  i n d i v i d u a l  ob jec ts ,  s ince  i t  i s  c losed  under unions.  Even i n  the 
narrower con tex t  the se t -deno ta t i ve  i n t e r p r e t a t i o n s  o f  (204a) are t r u e  o n l y  
I f  few c r i t i c s  bought good books or  the re  were n o t  t a t  l e a s t )  th ree qood 
books bought by c r i t i c s .  
Later  sect ions consider i n  more d e t a i l  how quan t i f y i ng  over se ts  o f  
ind iv idua ls ,  i f  allowed, must depend on quan t i f y i ng  over ind iv idua l  events, 
That d i rcu%sion makes use o f  a l o g i c  i n  which one can f r e e l y  t a l k  about both 
se t s  and events. As i n  the set-denotat ive l o g i c  o f  sec. 2, i t  assumes a 
d m a i n  o f  se ts  o f  i nd i v i dua l  ob jects ;  but  i t  a l so  d is t ingu ishes  a d m a i n  o f  
i nd i v i dua l  events. I t  i s  a t  f i r s t  assumed tha t  se ts  o f  ind iv idua ls ,  l i k e  
ind iv idua l  ob jec ts  themselves, can be invo lved i n  diverse events. We then 
have an n+l -ary  pred icate  wherever we had an n-ary pred icate  i n  the 
set-denotative l og i c ,  adding a p l a c e  f o r  i nd i v i dua l  events: i n  the extended 
l o g i c  'O(vl, ..., v e l m  w i l l  be t rue  of  5 se ts  and an event e j u s t  i n  case 
n '  
'b(vl, " . , v  1' i n  the set-denotat ive l o g i c  would be t rue a t  e .  I n  a l l  other 
n 
respects, the extended l o g i c  f o l l ows  the set-denotat ive l o g i c .  Thus, 
po lyad ic  pred icates are a tan ic  r e l a t i o n s  (0.11, and p l u r a l  i t y  i s  t rea ted  by 
quan t i f y i ng  over se ts  o f  i nd i v i dua l s  according t o  clauses (15) and (16) i n  
SQC.  2.0.  
The event place i n  t h ~  extended l o g i c  makes i t  poss ib le  f o r  t h i s  l o g i c  t o  
a l so  avoid the unacceptable imp l i ca t ions  observed i n  sec. 4.6. Recall  tha t  
i t  was shown tha t  every set-denotat ive i n t e r p r e t a t i o n  conforming t o  (189) 
r e s u l t s  i n  unacceptable enta i lments  f o r  the sentences so in te rp re ted  i f  ' 4 "  
expresses an increasinq r e l a t i o n :  
( 189) NP1 
non-increasing (NP non-decreasing)* NP2non-decreasing 
* ,  
where an NP non-decreasing t ha t  i s  non-increasing i s  i n te rp re ted  
o n l y  by t i b b ) ,  as non-event-dependent. 
The event p lace makes i t  p o s s i b l e  f o r  us  t o  be c e r t a i n  t h a t  no " e m  expresses 
an inc reas ing  r e l a t i o n  when a sentence's i n t e r p r e t a t i o n  conforms t o  (189 ) .  
Note t h a t  'Ee+(x,y,e)' docs n o t  express an i n c r e a s i n g  r e l a t i o n  i n  the 
extended l o g i c  a l though the cor respond ing "+(x,y) '  may express one i n  
se t -deno ta t i ve  l o g i c .  A s  i l l u s t r a t e d  by the example i n  sec .  4.7, the 
ex i s tence  o f  an r v e n t  o f  c r i t i c s  buy ing  good books i n  which cl bought bl and 
the  ex i s tence  o f  such an event i n  which c2  bought b2  does n o t  e n t a i l  the 
ex is tence o f  an event i n  which clUcZ bought blUb2. 
I n  e l i m i n a t i n g  the expression o f  i n c r e a s i n g  r e l a t i o n s  between s e t s  o f  
i n d i v i d u a l s ,  the p o s i t i o n  o f  the e x i s t e n t i a l  q u a n t i f i e r  r e l a t i v e  t o  the o ther  
q u a n t i f i e r s  i s  c r u c i a l .  Note t h a t  i f  E i s  a  constant  r e f e r r i n g  t o  a  
p a r t i c u l a r  event,  '+(x,y,E>" w i l l  express an i n c r e a s i n g  r e l a t i o n  i n  the 
extended l o g i c  i f  "O(x,y)' does i n  the se t -deno ta t i ve  l o g i c .  The re fe rence  
t o  a  p a r t i c u l a r  event serves o n l y  t o  s t i p u l a t e  t h a t  the r e l a t i o n  i s  about 
t h i n g s  t h a t  happended w i t h i n  E ,  I n t e r p r e t i n g  (204a), the  extended l o g i c  may 
n o t  ass ign  the e x i s t e n t i a l  q u a n t i f i e r  w ides t  scopei 
(248) * EetFew c r i t i c s ( x ) l 1 ( ? ) 3  good b o o k s ( y ) l  c r i t i c s ( x 1  bought good books(y) a t  
(249) [Few c r i t i c s ( x ) l E e t ( l ) 3  good booKs(y) l  c r i t i c s ( x )  bouqht qood books( r )  a t  e 
(250) [Few c r i t i c s ( x ) l C ( 2 ) 3  good books(y) lEe c r i t i c s ( x 1  bought good books(y) a t  e 
By reason ing as i n  sec. 4.6, i t  can be shown t h a t  (248) a t t r i b u t e s  t o  (204a) 
an i n t e r p r e t a t i o n  t h a t  has the t r u t h  c o n d i t i o n s  i n  (251): 
(251) " few c r i t i c s  bought ( a t  l e a s t )  t h ree  good books' i s  t r u e  i f f  there i s  
some event o f  c r i t i c s  buy ing  books such t h a t  the c r i t i c s  were few or  the 
good books were not t a t  l eas t )  three.  61 
There are other p o s i t i o n s  i n  which the e x i s t e n t i a l  q u a n t i f i e r  over events 
should not  appear i f  the extended l o g i c  i s  t o  assign on ly  acceptable 
i n te rp re ta t i ons ,  Recall  tha t  the axpressions tha t  express increasing 
r e l a t i o n s  i n  tho set-denotat ive l o g i c  include complex formulas, e.g., " x  are 
i n  complete agreement on few wor ld  problems w i t h  y e .  I n  t h i s  example, the 
counterpart  i n  the extended l o g i c  o f  '0" must occur w i t h i n  the scope of an 
e x i s t e n t i a l  q u a n t i f i e r  over events. Thus the f o l l o w i n g  scope assignment i s  
unaccep tab1 e : 
(252) *[Few Demstx)l1(2)3 Repsty)l,l[few wor ld  problems(z)lEe x are i n  
complete agreement on z w i t h  Y at  e l  
'4" i n  (252) cont inues t o  express an increas ing r e l a t i o n :  suppose that  there 
are not f e w  wor ld  problems d i s t r i b u t e d  among one o r  more events of complete 
agreement between d1Ud2 and rlUrZ. A t  each o f  these events, i t  i s  a lso  t rue .  
as p a r t  o f  the l a rge r  agreement t ha t  ex i s t s ,  t ha t  dl i s  i n  complete agreement 
w i t h  r1 and d2 i s  i n  complete agreement w i t h  r Then, there are not f e w  2  ' 
wor ld  problems among events o f  complete agreement i nvo l v i ng  dl and rl and 
there are not  f e w  wor ld  problems among events o f  complete agreement i nvo l v i ng  
dp and r2. 
The argument i n  sec. 4.6 demonstrated some unacceptable consequences of 
the expression o f  an inereasin9 r e l a t i o n .  The consequences a f f e c t  a l l  
i n t e rp re ta t i ons  tha t  conform t o  (1891, whether NPl i s  event-dependent or  
not .  Here we show tha t  an increas ing proper ty ,  def ined i n  (253) ,  undermines 
61, Compare the g r m a t i c a l  i n tep re ta t i on ,  the sum o f  p l u r a l s ,  which asserts 
tha t  there i s  some event o f  c r i t i c s  buying good books w i t h  f e w  c r i t i c s  and 
( a t  l eas t )  three good books. See sec. 4.7. 
the se t -deno ta t i ve  r e p r e s e n t a t i o n  o f  j u s t  event-dependent i n t e r p r e t a t i o n s .  
(253) '4" expresses an inc reas ing  p r o p e r t y  i f  ( x ) ( y )  (#(XI 8 Q ( y ) )  + O(xUy) .  
Examples o f  i nc reas ing  p r o p e r t i e s  are 'good s t u d e n t s t x )  are unprepared" and 
' c r i t i c s ( x )  buy books'. The se t -deno ta t i ve  u e r s i o n  o f  event-dependence i s  
ob ta ined  from t l b b ) ,  which a p p l i e d  t o  the q u a n t i f i e r s  i n  (2541 y i e l d s  (255 ) .  
(254) a. Few good s tuden ts  are unprepared 
b. Few c r i t i c s  buy books 
t 255) a. Ar (good s t u d e n t s ( r 1  are unprepared + few good s t u d e n t s ( r ) )  
b. Ar ( c r i t i c s ( r )  buy books + few c r i t i c s ( r ) )  
The dependence on events  i s  represented i n d i r e c t l y  by p l a c i n ~  the q u a n t i f i e r  
'few N" w i t h i n  the scope o f  the u n i v e r s a l  q u a n t i f i e r  over se ts ,  But ,  when 
' 9 '  expresses an i n c r e a s i n g  p r o p e r t y ,  the un ion o f  a l l  s e t s  t h a t  4  i s  i t s e l f  
a  s e t  t h a t  # .  The event-dependent i n t e r p r e t a t i o n  o f  the examples c i t e d  are 
reduced t o  t h e i r  non-event dependent i n t e r p r e t a t i o n s :  
(256) a. Es ( few good s tudents(s1  8 Ar (good s t u d e n t s ( r 1  are  unprepared + rCs ) )  
b. Es (few c r i t i c s t s )  h Ar ( c r i t i c s ( r )  buy books + r g s ) )  
I n  the  se t -deno ta t i ve  l o g i c ,  an event-dependent i n t e p r e t a t i o n  i n  
i nexp ress ib le  when '@*  i s  an i n c r e a s i n g  p r o p e r t y .  I n  (2551, i t s  in tended 
r e p r e s e n t a t i o n  c o l l a p s e d  i n t o  the non-cvent-dependent i n t e r p r e t a t i o n ;  bu t  i n  
some cases where '4' i s  an i n c r e a s i n g  p r o p e r t y ,  the r e p r e s e n t a t i o n  o f  an 
event-dependent q u a n t i f i e r  r e s u l t s  i n  a  l o g i c a l  i m p o s s i b i l i t y .  Thus, these 
r e p r e s e n t a t i o n s  o f  the sentences i n  (257) r e q u i r e  the un ion o f  a l l  s e t s  t h a t  
# t o  be e x a c t l y  ten  N' and each subset t h a t  # t o  be e x a c t l y  ten  N': 
(257) a. E x a c t l y  t e ~  good s tuden ts  are  unprepared 
b. E x a c t l y  ten  c r i t i c s  buy books 
(258)a. Ar (good s tuden ts ( r1  are  unprepared + e x a c t l y  ten good s tudents( r : ) )  
b. Ar ( c r i t i c s ( r 1  buy books + e x a c t l y  ten  c r i t i c s ( r ) )  
Q u a n t i f y i n g  over events can e l i m i n a t e  the i n c r e a s i n g  p r o p e r t y .  I n  the 
extended l o g i c  any i n t e p r c t a t i o n  o f  (254) and (257) accord inq t o  ( 2 5 9 )  avoids 
the problems noted above, 
(259) IQ good s tuden ts l - x  Ee good s tudents(x1  are unprepared a t  e. 
IQ c r i t i c s l - x  Ee c r i t i c s ( x )  bought books a t  e. 
I n  p a r t i c u l a r ,  i n t e r p r e t i n g  the  non- increas ing q u a n t i f i e r  by (16b)  w i l l  
r e s u l t  i n  an event-dependent i n t e r p r e t a t i o n  and w i l l  escape be ing  i n v a l i d :  
(260)a. Ar (Ee good s t u d e n t s t r )  are unprepared a t  e + few good s t u d e n t s ( r > )  
b. Ar (Ee c r i t i c s ( r 1  buy books a t  e + few c r i t i c s ( r 1 )  
(261)a. 4r (Ee good r t u d e n t o ( r )  are unprepared a t  e + e x a c t l y  ten good s t u d e n t s i  
b. Ar (E c r i t i c s t r )  buy books a t  e + e x a c t l y  ten c r i t i c s ( r > )  
The se t -denota t ive  l o g i c  does n o t  have the necessary event q u a n t i f i e r .  I t  
must assign i n t e r p r e t a t i o n s  t o  the sentences o f  (204)-(206) and t o  (254) and 
(257) w i t h  unacceptable r e s u l t s .  An extended l o g i c  can assign 
i n t e r p r e t a t i o n s  t h a t  l a c k  the unacceptable i m p l i c a t i o n s ;  b u t  we leave open 
f o r  the moment h w  t o  a v o i d  i n  a se t -deno ta t i ve  l o g i c  i n t e r p r e t a t i o n s  l i k e  
(248) and (252). We r e t u r n  t o  t h i s  ques t ion  i n  sec. 5.3. 
Both e v e n t  l o g i c  and the  extended sa t -deno ta t i ve  l o g i c  q u a n t i f y  over a 
domain o f  i n d i v i d u a l  events. We have seen i n  the example o f  o f  secs. 4.4 
and 4.8 and i n  the d i scuss ion  o f  sec, 3.3 t h a t  i t  i s  no t  a general p r o p e r t y  
o f  c o n t e x t u a l l y - s p e c i f i c  domains o f  events t o  be c losed  under recombinat ions 
o f  t h e i r  p a r t s ,  T h i s  f e a t u r e  of events i n  e i t h e r  l o g i c  i s  necessary t o  avo id  
the unacceptable i n t e r p r e t a t i o n s  o f  sec. 4.2 and 4.6 and those noted i n  the 
prev ious  sec t i on ,  But ,  i f  t r u e ,  i t  would appear t o  i n v a l i d a t e  the deduct ions 
based on inc reas ing  r e l a t i o n s .  For ,  i n  any q iven c s n t e x t ,  (195) w i l l  no t  be 
t r u e ,  as i t s  r e p r e s e n t a t i o n s  i n  the  extended l o g i c  ( (262) )  and i n  event l o q i c  
( (263))  show: 
( 193) These ten boysl a t e  these ten  p ies l  
Those ten  boys, a te  those ten  p i e s ,  
The twenty boyslll2 a te  the twenty p i e s  1  U2 
These ten boysl c a r r i e d  these ten  car tonsl  home 
Those ten boys2 c a r r i e d  those ten  car tonsl  hane 
........................................... 
The twenty boyslU2 c a r r i e d  the  twenty cartonslu2 home 
(262)[Er:these ten  boys l ( r ) l  IEs:these ten  p i e s l ( s ) l  Ee boys( r1  a t e  p i e s ( s )  a t  
[E r r those  ten  b o y s 2 t r ) l  [Es i those t e n  p i e s 2 ( s ) l  Ee boys ( r )  a te  p i e s ( s j  a t  
........................................................... 
[Er:the twenty boyslu2<r)l IEs: the twenty pieslU2{s)l Ee b o r s ( r )  a te  p i  e s ( s j  a t  
(263) [Ee: a te(e)  OF(e, these ten  p ies l ) ]  INFLte, these ten boysl) 
tEe: a te(e)  OF(e, those ten  p i e s 2 ) ]  INFL(e, those ten boys2) 
........................................... 
tEe: a t e ( ~ )  OF(e, the  twenty pieslU2)1 INFL(e, the twenty boyslU2 
I n  a  q i ven  con tex t ,  the ex i s tence  o f  an event o f  boys e a t i n g  p i e s  i n  which bl 
a te  p2 and the ex is tence o f  an event o f  boys e a t i n g  p i e s  i n  which b2 ate  p 2  
does n o t  e n t a i l  the ex i s tence  i n  t h a t  con tex t  o f  an euent o f  boys e a t i n g  p i e s  
i n  which blUZ a te  plUp. 
What then accounts f o r  the  i n t u i t i v e  v a l i d i t y  o f  the deduct ions i n  (195) 
and (196)? We suggest t h a t  the premises and conc lus ion  are no t  a l l  about the 
same domain o f  events, Reca l l  t h a t  the approach o f  e a r l i e r  s e c t i o n s  was t o  
f i x  a  p a r t i c u l a r  con tex t ,  t h a t  i s ,  a  p a r t i c u l a r  domain o f  euents, and then t o  
consider  the c o n d i t i o n s  under which a  sentence was t r u e  o f  t h a t  p a r t i c u l a r  
domain. The same approach w i l l  n o t  account f o r  the v a l i d i t y  o f  (195) and 
(196) . The deduct i ons do no t  seem t o  be about one p a r t  i c u l  ar  doma i n  o f  
events, and as  we have seen they are no t  t r u e  o f  the events  w i t h i n  any one 
domain i f  represented as i n  (262) o r  (263). 
When the re  i s  no in tended con tex t  a t  hand, we suggest t h a t  the premises and 
conc lus ion  are thought o f  as t r u e  i f  they  meet c o n d i t i o n s  l i k e  the one i n  
(264) 1 
(264) 'These ten  boys a te  these ten  p i e s n  i s  t r u e  i f f  there  i s  some contex t  
(domain o f  events)  and some event i n  t h a t  con tex t  i n  which these ten  boys 
a te  these ten  p i e s .  
The i n t u i t i v e  v a l i d i t y  o f  these deduct ions  i s  accounted f o r  i f  the premises 
and conc lus ion  have the  t r u t h  c o n d i t i o n s  schemat i ca l l y  represented i n  ( 2 6 5 ) .  
"ER' s tands f o r  " t h e r e  i s  s m e  con tex t  (domain o f  events) ' .  I t  i s  no t  shown 
b i n d i n g  a  v a r i a b l e  b u t  the  q u a n t i f i e r s  aver events  are understood as 
r e s t r i c t e d  t o  members of R. 
( 2653 ERThese ten  boysl a te  these ten  p ies l  
ERThose ten  boys2 a t e  those ten  p i e s  1  
........................................... 
ERThe twenty boyslU2 a te  the twenty pieslul 
ER1Er:the.e ten  boys l ( r ) l  [E r r these  ten  p i e s l ( s ) l  Ee boys ( r )  ate p i e s t s )  a t  e 
ERCErtthose ten  b o y s p ( r ) l  [Esr those ten  p i e s 2 i s ) l  Ee boys ( r )  a te  p i e s ( s 1  a t  e 
........................................... 
ERIErr the twenty boyslU2(r)1 [Es r the  twenty pieslU2(s)1 Ee b o r s t r )  a te  p i e s ( ~ )  
ERCEe: a te(e)  OF(@, the re  ten  p i e s l ) l  INFL(e, these ten boysl) 
ERIEe: a t e ( @ )  OF(e, those ten  p ies2 )1  INFL(e, those ten  boys2) 
-----------.-------------------------------- 
ERCEe: a t e t e )  OF(., the  twenty pieslU2)l INFLte, the twenty boyslU2) 
Whenever there  i s  one con tex t  w i t h  an event i n  which b a te  p  and another 1  i 
con tex t  w i t h  an event i n  which b2  a t e  p2, the re  i s  a  con tex t  w i t h  an event i n  
which blU2 a te  pIU2. Such a  con tex t  and event i s  ob ta ined by cons ide r ing  
what happened i n  the two o r i g i n a l  events  t o  be one event i n  the new con tex t .  
I t  i s  i n  the  na tu re  o f  the p r e d i c a t e  'boys ea t  p i e s  (e) '  t h a t  the events can 
be combined t o  y i e l d  an event o f  boys e a t i n g  p i e s .  Thus, the v a l i d i t y  o f  the 
deduct ion s t i l l  depends on the predicate. '  S u b s t i t u t i n g  "Democrats are i n  
complete agreement w i t h  Republ icans ( e l n  r e s u l t s  i n  an i n v a l i d  deduct ion,  
showing t h a t  a  d i s t i n c t i o n  between non- increas ing and i n c r e a s i n g  p r e d i c a t e s  
p e r s i s t s ,  The deduct ion a l s o  depends oh our knawledqe o f  the s t r u c t u r e  o f  
events. Reca l l  t h a t  d i f f e r e n t  c o n t e x t s  are  no t  d i f f e r e n t  s t a t e s  o f  the 
wor ld ;  they are j u s t  d i f f e r e n t  ways t o  parse the  w o r l d  ( o r  a  r e l e v a n t  p iece 
o f  i t )  i n t o  c o n s t i t u e n t  events. The deduct ion  appears v a l i d  because one 
reparses  the w o r l d  ( p a r t i a l l y )  f rom one statement t o  the nex t .  
The view suggested here  thus  r e c o n c i l e s  the  q u a n t i f y i n g  over events t o  
a v o i d  the unacceptable i n t e r p r e t a t i o n s  o f  sec. 4.2, 4.6 and 4.9  w i t h  the 
u a l  i d i  t y  o f  deduct i o n s  such as ( 1 9 5 )  and (196).  
Note t h a t  we have assumed t h a t  sentences are  sometimes intended t o  be t r u e  
o f  a  s p e c i f i c  con tex t  and sometimes n o t ,  as r e q u i r e d  by the deduct ions aboue, 
where the premises and conc lus ions  appear w i t h i n  the  scope o f  "ERR',  T h i s  
a l t e r n a t i o n  r e c a l l s  the  d i scuss ion  i n  sec. 3.5 where q u a n t i f i e d  sentences 
sometimes q u a n t i f y  over ac tua l  i n d i u i d u a l s ,  o b j e c t s  or  events, and sometimes 
over p o s s i b l e  i n d i v i d u a l s .  One t reatment  o f  q u a n t i f y i n g  over p o s s i b l e  
i n d i v i d u a l s  recogn ized a  modal opera tor  R t h a t  q u a n t i f i e d  u n i v e r s a l l y  over 
' r e i f i c a t i o n s ' ,  each o f  which i s ,  l i k e  the "con tex tsn  o f  t h i s  d i scuss ion ,  an 
a l t e r n a t i v e  way o f  recombining the atoms making up the i n d i u i d u a l s .  Thus the 
event-dependent i n t e r p r e t a t i o n  o f  (145) had the r e p r e s e n t a t i o n  i n  (147b)  when 
q u a n t i f y i n g  over ac tua l  events, and the  r e p r e s e n t a t i o n  i n  (147a) when 
q u a n t i f y i n g  over p o s s i b l e  events. The intended i n t e r p r e t a t i o n  o f  ' R a  bas  " i n  
any r e i f i c a t i o n " ,  t h a t  i s ,  ' i n  any way there  c o u l d  be events such t h a t . . , " .  
( 145) Twenty- f i ve  hogs f i t  i n t o  s t a l l s  
'Whenever the re  i s  a  f i t t i n g  o f  hogs i n t o  s t a l l s ,  twen ty - f i ue  hoqs f i t  i n t o  them." 
(147)a. tpossib1es)RIEe f i t ( e ) : i n t o ( e ,  25 s t a i l s 1 1  INFb(e, 25 hoqs) 
b. t a c t u a l s )  fEe f i t ( e ) : i n t o ( e ,  25 s t a l l s > l  INFL(e, 25 hogs) 
The preced ing s e c t i o n s  haue shown t h a t  q u a n t i f y i n g  over se ts ,  i f  i t  e x i s t s  
a t  a l l ,  must be r e s t r i c t e d  by  a  r e l a t i o n s h i p  t o  events.  Sec, 4.2 showed 
t h a t  an e x i s t e n t i a l  q u a n t i f i e r  over events  must come between a  non- increas ing 
q u a n t i f i e r  over s e t s  and a  decreas ing one i f  they are separated on ly  by 
i n c r e a s i n g  q u a n t i f i e r s ,  as i n  (153). 
t 153) NP 1  
non-i ncreas i  ng  (NP ~ n c r e a s i n g  * decreas i nq 1 NP2 * 
Set. 4.6 showed t h a t  any fo rmula  ' O n  t h a t  expresses an inc reas ing  r e l a t i o n  
y i e l d s  unacceptable i n t e r p r e t a t i o n s  i f  i t  i s  c losed  by q u a n t i f i e r s  over s e t s  
NP 1  
non- increas ing non-decreasing * non-decreasing < ! 99 )  (NP ) NP2 4 ,  
where an NP nOn-decreasing t h a t  i 5 non- increas ing i s  i n t e r p r e t e d  
o n l y  by (16b), as non-euent-dependent. 
" 4 "  can be kept  f r a n  express ing an i n c r e a s i n g  r e l a t i o n  i f  i t  inc ludes a  p lace 
f o r  events  and an e x i s t e n t i a l  q u a n t i f i e r  over events  i s  a p p r o p r i a t e l y  p laced 
among the q u a n t i f i e r s  o f  (189). I n  sec. 4.9, we a l s o  noted t h a t  
unacceptable consequences o f  express inq an i n c r e a s i n g  p r o p e r t y  can be avoided 
by i n c l u d i n g  a  p lace  f o r  events. 
I n  the next  chapter ,  we examine more c l o s e l y  the ex tens ion t o  
se t -denota t ive  l o g i c  t h a t  aeds a  domain o f  events a longs ide the domain o f  
se ts .  We w i l l  a t t a c k  those d i f f e r e n c e s  t h a t  remain separa t i ng  se t -denota t ive  
l o g i c  and i t s  ex tens ion f rom event l o g i c ,  showing t h a t  p l u r a l s  are t o  be 
t r e a t e d  e s s e n t i a l l y  by q u a n t i f y l i ~ g  o n l y  over events. 
Chapter 5 
Events, s e t s  and i n d i v i d u a l s  
The ex tens ion t o  se t -deno ta t i ve  l o g i c  proposes two independent domains. 
There i s  a  domain o f  s e t s  o f  i n d i v i d u a l  o b j e c t s ,  as i n  se t -deno ta t i ve  l o g i c ,  
and there  i s  a  domain o f  i n d i v i d u a l  events,  w i t h  the p r o p e r t i e s  discusseed i n  
sec. 3.4-3.5. The s e t s  are assumed t o  r e l a t e  t o  events i n  e x a c t l y  the way 
i n d i v i d u a l  o b j e c t s  themselves do. They can p a r t i c i p a t e  a long w i t h  o t h e r s  or  
a lone i n  one o r  more d i v e r s e  events. As r e q u i r e d  by t h i s  ex tens ion,  we have 
an n t l - a r y  p r e d i c a t e  wherever we had an n-ary p r e d i c a t e ' i n  the  se t -deno ta t i ve  
l o g i c ,  adding a p lace  f o r  i n d i v i d u a l  events: 
(266) '6(cl, ..., c , e l B  i s  t r u e  i f f  #tc l ,  ..., c 1 i n  e. 
n  n  
A p r e d i c a t e  '# '  i s  t r u e  o f  5 s e t s  and an event j u s t  i n  case the event i s  a  
# - in9  i n  which the 11 s e t s  were r e l a t e d  by 4- inq.  
I n  a11 o the r  respects ,  the  extended l o g i c  i s  se t -deno ta t i ve ,  e s p e c i a l l y  i n  
so f a r  as the a n a l y s i s  o f  p l u r a l s  i s  concerned. Thus, p l u r a l s  are 
i n t e r p r ~ t e d  accord ing t o  (15) and (16) as q u a n t i f i e r s  over s e t s  o f  i n d i v i u d a l  
ob jec ts ,  and a  p o l y a d i c  verb  w i t h  nNP arguments s t i l l  expresses an atomic 
r e l a t i o n  (see 0 . 1 ) ,  a l though i t  now has n + l  p laces.  The ex tens ion,  by 
conceding the d i scovery  o f  an e x t r a  argument and a  new onto logy ,  c o u l d  i n  
p r i n c i p l e  answer the  o b j e c t i o n s  o f  chapter  4 w i t h o u t  c o n c s d i n ~  the r e s t  o f  
event l o g i c ,  i f  i t s  r u l e s  o f  i n t e r p r e t a t i o n  can a v o i d  unacceptable 
6 2 assignments o f  scope t o  the event q u a n t i f i e r  (see sec. 4.5 and 4.9.) . 
T h i s  chapter  shows t h a t  there  i s  e s s e n t i a l l y  o n l y  q u a n t i f i c a t i o n  over 
i n d i v i d u a l  events and over i n d i v i d u a l  o b j e c t s .  As i n  event l o g i c ,  the 
appearance o f  q u a n t i f y i n g  over s e t s  o f  i n d i v i d u a l  o b j e c t s  can be e n t i r e l y  
d e r i v e d  f rom q u a n t i f y i n g  over the  events  i n  which i n d i v i d u a l  o b j e c t s  
p a r t i c i p a t e .  The express ive  power o f  the extended l o q i c  t o  q u a n t i f y  over 
bo th  s e t s  and events independent ly  must be r e s t ~ i c t e d ,  e l i m i n a t i n g  the 
e f f e c t s  o f  q u a n t i f y i n g  f r e e l y  over se ts .  The two s e c t i o n s  t h a t  f o l l o w  each 
support  one o f  two c h a r a c t e r i s t i c  f e a t u r e s  o f  event l o g i c :  the Davidsonian 
docamposit ion o f  po l yad ic  p r e d i c a t e s  and the  p r o s c r i p t i o n  aga ins t  v a r i a b l e s  
over se ts .  Sec. 5.1 shows a  r e s t r i c t i o n  on the expressive power o f  the 
extended l o g i c  whose e f f e c t s  on what can be expressed are,  i n  event l o q i c ,  a  
n a t u r a l  consequence o f  the  Davidsonian decomposit ion; and sec. 5.2 shows 
t h a t  the se t -deno ta t i ve  l o q i c  must be kept  frm express inq what the event 
l o g i c  does n o t  express because o f  i t s  p r o s c r i p t i o n  aga ins t  v a r i a b l e s  over 
se ts .  
I n  sec. 5.1, we s h w  t h a t  the extendend se t -deno ta t i ve  l o g i c  assigns 
unacceptable i n t e r p r e t a t i o n s  i f  i t  has fo rmulas  (267) express ing a p r o p e r t y  
o f  s e t s  t h a t  i s  t r u e  o f  a s e t  c i f  the re  i s  an event e  i n  which c  has 8'ed 
62, T h i s  i s  done below by  m o d i f y i n q  (15) and (16) so t h a t  the c lauses 
i n t e r p r e t i n g  q u a n t i f i e r s  w i l l  a t  the same t ime q u a n t i f y  over s e t s  and 
events.  The q u a n t i f i c a t i o n  over events thus  h i d e s  beh ind the se t  
q u a n t i f i c a t i o n ,  f o r  which we w i l l  have t o  remove the bound v a r i a b l e  p. C f .  
Hozen's modal language f o r  q u a n t i f y i n g  over wor lds ,  d iscussed on p. 8 3 f .  
[Q'N'I and remains t r u e  o f  c a t  e even i f  c i s  a proper subset o f  those 
p a r t i c i p a t i n g  i n  the euent Q i n  the r o l e  assigned t o  the 5 - t h  argument. To 
a v o i d  the unacceptable i n t e r p r e t a t i o n s ,  (267) must be f a l s e  o f  c un less  i t  i s  
a l l  o f  the event e's p a r t i c i p a n t s  i n  t h a t  r o l e .  
I n  event l o g i c ,  i t  i s  the  Davidsonian decomposit ion o f  the po lyad ic  
p r e d i c a t e  t h a t  p reven ts  the  express ion o f  a p r o p e r t y  o f  s e t s  t h a t  depends on 
what a s e t  i s  r e l a t e d  t o  w i t h i n  an euent.  Le t  us a l l o w  v a r i a b l e s  over s e t s  
w h i l e  assuming a Davidsonian decomposit ion o f  the  p r e d i c a t e  i n  (267).  Then, 
@ i s  e s s e n t i a l l y  s p e l l e d  o u t  as i n  (2681, where, f o r  concreteness, we have 
assumed the p a r t i c u l a r  t h e t a  r o l e s  assigned by  'INFL' and 'OFm. 
(2681 EeCQ'N'(y)l INFL(e,x) & V(e) 8 OF(e,y) 
Reca l l  t h a t  the  main ' t r i c k '  o f  event l o g i c  i s  t o  i n f e r  a r e l a t i o n  between 
s e t s  from t h e i r  p a r t i c i p a t i o n  i n  the  same event.  But ,  the i n f e r r e d  r e l a t i o n  
i s  t r u e  o n l y  o f  those s e t s  t h a t  exhaust the euent 's p a r t i c i p a n t s .  The 
p r o p e r t y  expressed i n  (2681, even a l l o w i n g  the v a r i a b l e s  over se ts ,  i s  t r u e  
o f  a s e t  c i f  and o n l y  i f  c a re  V-ers i n  some event i n  which CQ'N'I are 
V-ed. I t  does n o t  imply t h a t  c has U'ed LQ'N'I un less  c i s  a l l  the V-ers i n  
the  event .  For the  proper  subsets o f  V'ers i n  the  euent,  "IQ'N'I' w i l l  no t  
measure who they U'ed. The Davidsonian decomposi t ion,  because i t  prevents  
the expression o f  a t r u e  r e l a t i o n  between se ts ,  p revents  the expression o f  a 
p r o p e r t y  t h a t  descr ibes  what a s e t  d i d  i n  a proper subpart  o f  an euent.  
I n  the extended se t -deno ta t i ve  l o g i c ,  sec, 5.1 w i l l  show t h a t  i t s  atomic 
p r e d i c a t e s  must be so r e s t r i c t e d  t h a t  '4(...,c ... e l m  i s  t r u e  o n l y  i f  c 
I( ' k 
i nc ludes of those p a r t i c i p a t i n g  i n  the euent e i n  the r o l e  r e q u i r e d  o f  
the &-th argument. Thus, f o r  any p r e d i c a t e  'QM, "*(...,c ... e ) "  and k ' 
'4( ...., dk, ... e)' cannot both be t rue  i f  c i s  not  i den t i ca l  t o  dk. Contrary 
I( 
t o  the i n i t i a l  assumptions surrounding (2661, the extension of  '4" i s  a  
func t ion  of events. I f  there i s  an 1- tup le  o f  se ts  cl, ..., c  such tha t  
n  
"4(cI, ..., c ,e)' i s  t rue,  i t  i s  unique. 
n  
I n  sec. 5.2, we show an important d i f f e rence  between quan t i f y i ng  over 
ind iv idua l  ob jec ts  and quan t i f y i ng  over sets .  I t  i s  always poss ib le  t o  
def ine a  proper ty  on ind iv idua l  ob jec ts  tha t  i s  t rue  of  an ind iv idua l  i f  the 
events i n  h i s  h i s t o r y  meet c e r t a i n  cond i t ions .  
(269) IQ'N'ty) lEe @(x,y,e) 
The proper ty  i n  (2691, t ak ing  x t o  be a  va r i ab le  over ind iv idua l  ob jects ,  
requ i res  us t o  f i n d  f o r  each i nd i v i dua l  tQ'N'3-many ob jec ts  among the diverse 
events i n  which he has pa r t i c i pa ted .  S im i l a r  p rope r t i es  on sets,  where 5 i n  
(269) i s  a  var iab le  over sets,  must however be excluded. We cannot a l low a 
proper ty  on se ts  tha t  considers t h e i r  p a r t i c i p a t i o n  across several events. 
Contrary t o  what i s  expected i n  the extended l o g i c ,  no proper ty  can e x p l o i t  
the f a c t  tha t  the p a r t i c i p a n t s  are the same i n  two d i s t i n c t  events o f  which 
'4(c, el)' and ' . ( ( ~ , e ~ ) ~  are t rue .  I t  i s  c l ea r  however tha t  event l o g i c  does 
not  have formulas t o  express what happened t o  a  set across several events. 
I t  does not have va r i ab les  over sets,  and i t  therefore cannot export a  
q u a n t i f i e r  over se ts  t o  include w i t i n  i t s  scope a  q u a n t i f i e r  over events, as 
such a formula would requ i re .  Sec. 5.2 shows tha t  i f  there i s  t o  be a t  a l l  
a  domain o f  sets,  then noth ing we say about them a t t r i b u t e s  t o  them a  
l i f espan  longer than one event. Having assumed an ontology o f  i nd i v i dua l s  
and se ts  o f  ind iv idua ls ,  I t  i s  pecu l ia r  tha t  the se ts  need t o  be t rea ted  so 
63 d i f f e r e n t l y  f rom the i n d i v i d u a l s  themselves . 
Sec. 5.1 and 5.2 together  show t h a t  a  p r e d i c a t e  denotes a  s e t  o n l y  i f  i t  
i s  a l l  the p a r t i c i p a n t s  o f  an event and t a l k s  about the s e t ' s  a c t i v i t y  o n l y  
w i t h i n  a  s i n g l e  euent.  Event l o g i c  e x p l a i n s  t h i s  r e l a t i o n s h i p  between s e t s  
and events-- i t  i s  the o n l y  p o s s i b l e  one--since the re  i s  no p r e d i c a t i o n  o f  
s e t s  o f  i n d i v i d u a l s .  Sets  are a f f e c t e d  o n l y  i n d i r e c t l y  as p a r t i c i p a n t s  i n  
the ac tua l  o b j e c t s  o f  p r e d i c a t i o n ,  events: 
(31) Three agents s o l d  twen ty - f i ve  b u i l d i n g s  t o  two inves to rs .  
(32) Ee Ce was a  s e l l i n g  L e's s e l l e r s  were th ree  agents & 
e's s e l l e e s  were two i n v e s t o r s  & e's s o l d  were twen ty - f i ve  b u i l d i n g s ]  
As i n  e a r l i e r  sec t i ons ,  we c o n s t r u c t  a  p a r t i c u l a r  con tex t  i n  which t o  
eva luate  the  t r u t h  c o n d i t i o n s  o f  r e l e v a n t  sentences. I t  w i l l  be shown f o r  
the sentences i n  (270) and (271) t h a t  "marb les<r )  f a l l < e )  i n t o  ~ l o t s t s ) ' ' ~ ~  
cannot be t r u e  o f  a  se t  o f  marb les  and a  s e t  o f  s l o t s  i f  these are proper 
s ~ ~ b s e t s  o f the  marb les  and s l o t s  i nvo lved  i n  e. 
(270 Fewer than f i f t e e n  marb les  (eve r )  f a l l  i n t o  e x a c t l y  ten  s l o t s .  
(271) E x a c t l y  ten  marbles (ever )  f a l l  i n t o  e x a c t l y  ten  s l o t s .  
The p a r t i c u l a r  con tex t  concerns the opera t i ons  o f  something l i k e  a pachinKo 
63. I f  t rue ,  then i n d i v i d u a l s  are  n o t  i d e n t i f i e d  w i t h  s i n g l e t o n  s e t s  bu t  
belong t o  a separate s o r t  o f  o b j e c t .  
64. 1  adopt t h i s  n o t a t i o n  f o r  the  n t i - a r y  p r e d i c a t e s  o f  the  extended l o g i c ,  
see (266). 
machine, a  t u r n  on which re leases  a. random number o f  marbles.  The marbles 
then f a l l  i n t o  an a r r a y  o f  columns h e l d  i n  wooden s l o t s .  The machine has 
f i f t e e n  s l o t s ,  b u t  on each t u r n  marb les  may fa1  1  i n t o  a1 1  or  j u s t  some o f  
them. I n  t h i s  con tex t ,  the  events  are  t u r n s  on the machine. We compare two 
sequences o f  events. The sequence i n  (272) c o n t a i n s  an event i n  which 
twen ty - f i ve  marb les  f a l l  i n t o  ten  s l o t s .  I n  the sequence i n  (2731, one t u r n  
r e s u l t s  i n  twenty-e igh t  marbles f a l l i n g  i n t o  t h i r t e e n  s l o t s ,  and on a  l a t e r  
t u r n ,  ten  marb les  f a l l  i n t o  t e n  s l o t s .  The d e p i c t i o n s  leave n o t h i n g  out  
apa r t  f rom o the r  t u r n s  i n  the  two sequences; the t u r n s  j u s t  descr ibed invo lve  
o n l y  those b a l l s  and s l o t s  shown. 
We now cons ider  whether (272) and (273) f a l s i f y  (270) and (271) when these 
are asser ted  about the opera t i ons  o f  the  pachinko machine. 
Both sentences are i n  f a c t  f a l s i f i e d ,  whether i n t e r p r e t e d  as 
event-dependent o r  n o t ,  by (272) .  The t u r n  i t  d e p i c t s  i s  an event o f  marbles 
f a l l i n g  i n t o  e x a c t l y  t e n  s l o t s .  I t  i s  a  r e l e v a n t  event bu t  i t  i nvo lves  
twen ty - f i ve  marbles,  exceeding the q u a n t i t y  f o r  each such event a l lowed by 
tho event-dependent i n t e r p r e t a t i o n s  and a l s o  exceeding the q u a n t i t y  a l lowed 
by the non-event-dependent i n t e r p r e t a t i o n s  t o  such events a l l  t oge the r ,  
I n  c o n t r a s t ,  the t u r n s  dep ic ted  i n  (273) do no t  f a l s i f y  e i t h e r  the 
event-dependent o r  the  non-event-dependent i n t e r p r e t a t i o n s  o f  (270)  or 
(271), The f i r s t  t u r n  i s  n o t  a  r e l e v a n t  event ,  I t  i s  n o t  an event o f  
marbles f a l l i n g  i n t o  e x a c t l y  ten  s l o t s ,  s ince  i t s  marbles f e l l  i n t o  t h i r t e e n  
s l o t s .  As r e q u i r e d  by the  euent-dependent i n t e r p r e t a t i o n  o f  (271),  the o n l y  
dep ic ted  event of marbles f a l l i n g  i n t o  e x a c t l y  ten  s l o t s  i nvo lves  e x a c t l y  ten 
marbles, which are a l s o  fewer than f i f t e e n  as r e q u i r e d  by the euent-dependent 
i n t e r p r e t a t i o n  o f  (270). I f  no o the r  marbles are i nvo lved  i n  o ther  events i n  
the sequence i n  which marb les  fa1  1  i n t o  e x a c t l y  ten  s lo t sd5 ,  then the 
non-event-dependent i n t e r p r e t a t i o n  o f  (271) w i l l  a l s o  be t r u e  o f  (273).  The 
non-euent-dependent i n t e r p r e t a t i o n  o f  (2701 w i l l  a l s o  be t r u e  o f  (273) i f  the 
p a r t i c i p a n t s  i n  such events  are a l l  together  fewer than f i f t e e n  marbles. 
I n  the  extended logic f o r  (270) and (271) '  (273) f a l s i f i e s  both  t h e i r  
event-dependent and non-event-dependent i n t e r p r e t a t i o n s .  These are 
equ iva len t  t o  (274) and ( 2 7 5 1 ~ ~ :  
<274)(eucnt-dependent) Ar  ( E e l l o !  s l o t s ~ s ~ l ~ m a r b l e s ~ r )  f a l l ( e )  f a l l  i n t o  s l o t s ( s ) :  
fewer than 15 marb les( r1)  
(non-event-dependent) Eu(fewer than 15 marbles(u1 & 
Ar tEeI lO!  s l o t s 1 ~ s ) I ~ m a r b l e s ~ r )  f a l l ( e )  f a l l  i n t o  s l o t s ( s ) )  + r g u j  
& &(Ar tEet lO!  s l o t s ( s ~ l ( m a r b l e s ( r )  f a l l ( e )  i n t o  s l o t s ( s ) )  + r C w )  + u w ) )  
(275) (event-dependent): 
Ar (Eet lO!  s l o t s ~ s ) l ~ m a r b l e s ( r ~  f a l l ( e )  f a l l  i n t o  s l o t s ( s ) >  -+ l o !  rna rb les ( r> :  
(non-event-dependent) Eu( lO!  marbles(u)  & 
Ar (Eel  l O !  s l o t s ~ s ) l ~ m a r b l e s ~ r )  fa1  1 ( e l  f a l l  i n t o  s l o t s ( s ) )  + rCu> 
& &(Ar(Ee[lO! s l o t s ~ s S l ( m a r b l e s ( r )  f a l l ( e )  i n t o  s l o t s ( s ) )  + r-&j + uCw:)i 
65. E i t h e r  the re  are  no o ther  events o f  t h i s  k i n d  or  the same ten marbles are 
i nvo lved  i n  each o f  them. 
66, For our purposes, the  outcome i s  the same whether " e x a c t l y  ten s l o t s "  i s  
analyzed as event-dependent o r  n o t ,  I have t h e r e f o r e  l e f t  i t s  a n a l y s i s  
u n s p e c i f i e d  i n  (274) and ( 2 7 5 ) . '  I t  a l s o  does no t  change the outcome t o  
change the  r e l a t i v e  scope between ' e x a c t l y  ten  s l o t s '  and the event 
q u a n t i f i e r .  
What f a l s i f i e s  these i n t e r p r e t a t i o n s  i s  i n  the  f i r s t  t u r n  o f  (273). Le t  el 
be t h i s  t u r n .  L e t  be a1 1 the marb les  i n  s l o t s  one through ten,  and l e t  
s  1-10 be the s l o t s  one through ten,  Accord ing t o  the extended l o g i c  ((266)>, 
we have: 
(276) 'marbl e ~ ( m ~ - ~ , ,  f a l l t e l l  i n t o  s l o t s t s l  - 1'  i s  t r u e  i n  (273). 
Note t h a t  the marbles o f  mi-lO f a l l  i n t o  e x a c t l y  ten  s l o t s .  There are no 
o the r  s l o t s  i n  el t h a t  these marbles f a l l  i n t o .  Thus, m 1-10 i s  a se t  o f  
marbles t h a t  i n  some event f a l l s  i n t o  e x a c t l y  ten  s l o t s ;  b u t ,  i t s  twenty- f iue  
marbles, exceeding the  q u a n t i t y  a l lowed by any o f  the i n t e r p r e t a t i o n s  i n  
(2741 o r  (2751, f a l s i f i e s  them a l l .  
The f i r s t  t u r n  o f  (2731, b e i n g  an event o f  marbles f a l l i n g  i n t o  t h i r t e e n  
s l o t s ,  i s  n o t  a r e l e v a n t  event .  But ,  some o f  i t s  p a r t s ,  i f  they were events, 
a re  counterexamples t o  (270) and (271). The extended logic imposes 
c o n d i t i o n s  on the p a r t s  o f  o therwise  i r r e l e v a n t  events. 
A s impler  demonstrat ion o f  the same p o i n t  concerns o n l y  the event-dependent 
i n t e r p r e t a t i o n  o f  (277): 
(277) E x a c t l y  250 Democrats a r e  (eve r )  i n  complete agreement w i t h  e x a c t l y  200 
Republ i cans. 
Reca l l  f rom e a r l i e r  d i scuss ion  t h a t  we have supposed t h a t  an agreement i s  
complete o n l y  i f  agreement between i n d i v i d u a l  Democrats and i n d i v i d u a l  
Republ icans i s  the  Car tes ian  product  of the  two p a r t i e s .  One cannot f i n d  a 
Democrat and a Republ iean t h a t  d isagree.  Suppose now t h a t  (277) has been 
t r u e  o f  each i n  a sequence o f  many sess ions  i n  Congress. I n  t h i s  con tex t ,  
where the events  a re  the  sessions,  the  event-dependent i n t e p r e t a t i o n  o f  (277) 
i s  t rue ;  b u t ,  the event-dependent i n t e r p r e t a t i o n  accord ing t o  the extended 
l o g i c  i s  f a l s e :  
(278) Ar (Eet200! Republicans~s)l~Democrats(r1 are(e)  i n  aqreement 
w i  tlr Republ icans(s11 + 250! Democra ts ( r j i  
I n  f a c t ,  every session f a l s i f i e s  (278).  L e t  d<250 be a proper subset o f  
the Democrats who are i n  complete agreament w i t h  e x a c t l y  200 Republ icans a t  
any one session,  say e Note t h a t  every member o f  d(250 i ' agrees w i t h  every 
one of the 200 Republ icans. There fore ,  'Democrats(d ) are(e  5 in complete < 250 1 
agreement w i t h  e x a c t l y  200 Republ icansn i s  t r u e .  The s e t  d<250, which i s  no t  
e x a c t l y  250 Democrats, i s  a counterexample t o  (278).  
These examples, (2701, (271) and (2771, show t h a t  i t  i s  wrong t o  t h i n k  o f  
the event as j u s t  a l o c a t i o n  a t  which a number o f  s e t s  may r e l a t e  t o  o the r  
s e t s  i n  the  way r e q u i r e d  by the p red ica te ' s  meaning. Ins tead,  f o r  any event 
el, i f  el i s  a 4- inq, then the re  i s  e x a c t l y  one n - t u p l e  o f  s e t s ,  cl,..,,c 
n 
such t h a t  '+(cl,. . . ,c 
n ' 
e l  1' i s  t rue .  For each t u r n  g i n  (272:) and (2731, 
the re  i s  e x a c t l y  one s e t  o f  marb les  m and one s e t  o f  s l o t s  s such t h a t  
'marbles(m) f a l l ( e )  i n t o  s l o t ( s ) '  i s  t r u e .  S i m i l a r l y ,  the s e t s  o f  Democrats 
and the s e t s  o f  Republ icans s a t i s f y i n g  'Democrats(r) are(e1 i n  complete 
agreement w i t h  Republ icans(s)"  a re  unique f o r  each session i n  the contex t  f o r  
(277). O f  course, the  unique s e t s  always correspond t o  a l l  the p a r t i c i p a n t s  
i n  the euent,  a l l  the  marbles fa1  1 i n 9  i n t o  s l o t s  and a1 1 the s l o t s  marbles 
are f a l l i n g  i n t o ,  e t c .  Under t h i s  r e s t r i c t i o n ,  proper subsets o f  an event 's  
p a r t i c i p a n t s  are n o t  denoted by the  p r e d i c a t e  and t h e r e f o r e  do no t  f a l s i f y  
the quant i f  i c a t  i o n a l  sentences. 
Recal l  t h a t  what we have c a l l e d  the event-dependent i n t e r p r e t a t i o n s  i s  
paraphrased by (2791, (280) and (2811: 
(279) ' {Always when/ whenever} marb les  f a l l  i n t o  e x a c t l y  ten s l o t s ,  fewer 
than f i f t e e n  marbles are i n  t h a t  f a l l '  
(280) '{Always when/ whenever3 marb les  f a l l  i n t o  e x a c t l y  ten s l o t s ,  e x a c t l y  
t e n  marbles are i n  t h a t  f a1  1 '  
(2811 'CAlways when/ whenever) Democrats are  i n  complete agreement w i t h  
e x a c t l y  200 Republ icans, e x a c t l y  250 Democrats are  i n  t h a t  complete 
agreement.' 
I n  t h e i r  event-dependent i n t e r p r e t a t i o n s ,  the VPs o f  sentences (2701, (271) 
and (277) are a r e s t r i c t i o n  on a u n i v e r s a l  ( o r  gener i c )  q u a n t i f i e r  ouer 
events, and the  sub jec t  NP i s  l e f t  i n  the  m a t r i x  p red ica te .  The 
event-dependent i n t e r p r e t a t i o n s  shou ld  be d i s t i n g u i s h e d ' f r o m  o t h e r s  t h a t  a l s o  
appear t o  have a wide-scope u n i v e r s a l  q u a n t i f i e r  over events or  cases i n  the 
sense o f  Lewis (1975). They are d i s t i n g u i s h e d  a t  l e a s t  by the the event 
q u a n t i f i e r  appear ing u n r e s t r i c t e d  by a c o n s t i t u e n t  o f  the sentence or  
r e s t r i c t e d  by something o the r  than the UP, such as an NP. For example, the 
i n t e r p r e t a t i o n s  o f  (271) and (277) ( w i t h o u t  'ever ' ,  see below) i n  which the 
event q u a n t i f i e r  i s  u n r e s t r i c t e d  are paraphrased i n  (282) and (283): 
(282)'Always, e x a c t l y  ten  marb les  f a 1  1 i n t o  e x a c t l y  ten  s l o t s "  
' I t  i s  always t r u e  t h a t  e x a c t l y  ten  marb les  f a l l  i n t o  e x a c t l y  ten s l o t s "  
4283)'Alwa~s, e x a c t l y  250 Democrats are  i n  complete agreement 
wi t h  exact  1 Y 200 Republ i cans' 
' I t  i s  always t r u e  t h a t  e x i c t l y  250 Democrats are i n  complete agreement 
w i t h  exact1 y 200 Republ i cans" 
(282) i s  f a l s i f i e d  by any t u r n  o f  the pachinko machine a t  which other, than 
ten  marbles f a l l  i n t o  o the r  than ten  s l o t s .  The f i r s t  t u r n  i n  (273) does 
f a l s i f y  t h i s  i n t e r p r e t a t i o n  b u t  so does (284) where e x a c t l y  ten b a l l s  f a l l  
i n t o  e x a c t l y  one s l o t :  
Because the  event q u a n t i f i e r  i s  u n r e s t r i c t e d ,  every event o f  marbles f a l l i n g  
i n t o  s l o t s  i s  r e l e v a n t ,  n o t  j u s t  those i n v o l v i n g  e x a c t l y  ten  s l o t s .  
I t  i s  important  t o  keep i n  mind t h a t  t u r n s  on the pachinko machine l i k e  
(284) show t h a t  the extended l o g i c ' s  (274a) and (235a) cannot be taken t o  
represent  i n t e r p r e t a t i o n s  w i t h  u n r e s t r i c t e d  even t -quan t i4 ie rs  e i t h e r .  For ,  
a l thouqh ' (284)  f a l s i f i e s  such i n t e r p r e t a t i o n s ,  i t  does n o t  f a l s i f y  (274a) or  
(275a). I t  i s  a l s o  p o s s i b l e  f o r  there  t o  be a  con tex t  i n  which the 
i n t e r p r e t a t i o n  w i t h  an u n r e s t r i c t e d  q u a n t i f i e r  i s  t r u e  bu t  the  extended 
l o g i c ' s  i n t e r p r e t a t i o n s  are  f a l s e .  I f  a t  every session o f  Congress w i t h o u t  
except ion,  e x a c t l y  250 Democrats are i n  complete agreement w i t h  e x a c t l y  200 
Republ icans, the i n t e r p r e t a t i o n  w i t h  an u n r e s t r i c t e d  event q u a n t i f i e r  i s  
t r u e ,  and (278) i s  f a l s e  f o r  the reasons c i t e d .  6 7 
67, The i n t e r p r e t a t i o n  w i t h  an u n r e s t r i c t e d  event q u a n t i f i e r  seems 
inaccess ib le  when "evera  i s  i nc luded  i n  (2701, (271) and (277). T h i s  
i n t e r p r e t a t i o n  a l s o  soems more marg ina l  i n  (270) where the sub jec t  q u a n t i f i e r  
i s  decreasing, 'fewer than f i f t e e n  marbles" .  1 do no t  know why "eve r "  has 
t h i s  e f f e c t ,  and I can o n l y  r e l a t e  the m a r g i n a l i t y  o f  an u n r e s t r i c t e d  event 
q u a n t i f i e r  i n  (270) t o  an e a r l i e r  obse rva t ion  i n  n. 49 sec. 4.3. t h a t  
decreasing sub jec t  q u a n t i f i e r s  are  r e l u c t a n t  t o  en te r  i n t o  a  sum o f  p l u r a l s  
i n t e r p r e t a t i o n .  A sum o f  p l u r a l s  i s  presumably what i s  r e q u i r e d  w i t h i n  the 
scope o f  the u n r e s t r i c t e d  event q u a n t i f i e r :  every e  i s  such t h a t  fewer than 
f i f t e e n  marb les  f a l l  i n t o  s l o t s  and e x a c t l y  ten  s l o t s  are f a l l e n  i n t o  by 
marbles, 
As f o r  'ever', I assume t h a t  l i k e  r e l a t e d  i tems such as 'anyn (see 
Ladusaw(l979), L inebarqer ( l980)  among o t h e r s ) ,  i t  i s ,  a t  l e a s t  d e s c r i p t i v e l y ,  
a  chameleon, appear ing i n  some p laces  as p o l a r i t y - s e n s i t i v e  w i t h  e x i s x e n t i a l  
f o r c e  and i n  o ther  p laces  w i t h  a  " f r e e  cho ice*  i n t e r p r e t a t i o n .  The 
non-event-dependent i n t e r p r e t a t i o n s  o f  bo th  (270) and (271) are examples o f  
the f i r s t  environment: "eve ra  occurs w i t h i n  the scope o f  a  non- increas ing 
I n  t h i s  s e c t i o n ,  i t  w i l l  be shown t h a t  sentences do no t  p r e d i c a t e  o f  s e t s  
p r o p e r t i e s  o f  the  form i n  (285): 
---------- 
q u a n t i f i e r ,  ' fewer than f i f t e e e n  marbles'  o r  ' e x a c t l y  ten  marblesu and has 
e x i s t e n t i a l  f o rce .  I n  the  event-dependent i n t e r p r e t a t i o n s  o f  bo th  sentences, 
'ever '  appears i n  i t s  o the r  environment, no t  w i t h i n  the scope o f  any 
a f f e c t i v e  element and a l l o w i n q  a  " f r e e  choice'  ('whenever...'). The quest ion  
i s  then why ' f r e e  choice'  'ever '  cannot occur as an u n r e s t r i c t e d  event 
quant i f  i a r .  
Again, I can o n l y  p o i n t  t o  perhaps r e l a t e d  phenomena. Ladusaw observes t h a t  
" f r e e  cho iceo 'any" has o n l y  a  non-event i n t e r p r e t a t i o n ,  ev iden t  i n  the 
c o n t r a s t  between ( i )  and ( i i ) :  
( i )  Any newcomer was welcomed 
( i i )  Every newcomer was welcomed 
Only ( i i )  can r e p o r t  t he  w e l c m i n g  o f  every  newcomer (members o f  a  s p e c i f i c  
s e t ) .  The c o n t r a s t  shows t h a t  p r o p e r t i e s  o f  the p r e d i c a t e ,  the ' s p e c i f i c i t y '  
o f  i t s  aspect,  c o n d i t i o n  the  appearance o f  'any' i n  sub jec t  p o s i t  ion.  
Perhaps the m a t r i x  p r e d i c a t e  ,occur ing w i t h  the u n r e s t r i c t e d  event q u a n t i f i e r ,  
i n c o r p o r a t i n g  a  sum o f  p l u r a l s ,  i s  a s p e c t u a l l y  ' s p e c i f i c " :  
EuerieS ( e x a c t l y  ten  m a r b l e s t e l  & marbles-fall-into-slots(e) & e x a c t l y  ten  s l o t s  
The data  poses another problem f o r  the d e s c r i p t i o n  o f  ' eue rVs  d i s t r i b u t i o n .  
The appearance o f  ' f r ee  choice'  "eve rn  i n  the event-dependent i n t e r p r e t a t i o n  
( ( 2 7 9 )  and (280)) ,  a!though o u t s i d e  the  scope o f  any o the r  q u a n t i f i e r ,  i s  
s t i l l  s e n s i t i v e  t o  the type o f  q u a n t i f i e r  i n  sub jec t  p o s i t i o n .  Thus, the 
f o l l o w i n g  are  n o t  grammatical even i f  event-dependent: 
( i i i )  r The r e d  marb les  ever f a l l  i n t o  e x a c t l y  ten  s l o t s  
( i v )  * Same twenty marbles ever f a l l  i n t o  e x a c t l y  ten  s l o t s  
Compare (u )  and ( v i ) ,  which have ' f r e e  choice '  'any" i n t e r p r e t a t i o n s  desp i te  
sub jec t  q u a n t i f i e r s  t h a t  do n o t  l i c e n s e  p o l a r i t y  items: 
( u )  The hun te rs  shot  any bear over s i x  f e e t  t a l l ,  
( v i  1 Sonre twenty hun te rs  shot  any bear over s i x  f e e t  t a l l .  
Such a p r o p e r t y  i s  t r u e  o f  a  s e t  c j u s t  i n  case the re  are t Q  N'?!-many N' 2 
amonq the v a r i o u s  events  i n  which g. has +'ed6'. T h i s  k i n d  o f  p r o p e r t y  
comprehends the a c t i v i t y  o f  a  se t  across severa l  events,  Although no t  
p r e d i c a t e d  o f  se ts ,  t h i s  same k i n d  o f  p r o p e r t y  can be p r e d i c a t e d  o f  
i n d i v i d u a l s ,  sar i l lg  t h a t  r , ,  an i n d i v i d u a l ,  has been r e l a t e d  by 6 - inq  a t  
v a r i o u s  events i n  the  course o f  h i s  l i f e  t o  lQ-N'23-sany N' . 2 
I n  event l o g i c ,  the  d i f f e r e n c e  between i n d i v i d u a l s  and s e t s  i s  expected. 
Sets  are no t  o b j e c t s  denoted by p red ica tes .  A s e t ,  u n l i k e  an i n d i u i d u a l ,  i s  
n o t  thought o f  as something t h a t  p a r t i c i p a t e s  i n  v a r i o u s  events. 
We consider  two cases, f o r  which we suppose i t  were poss ib le  t o  express the 
q u a n t i f i c a t i o n a l  c l o s u r e  o f  a  p r o p e r t y  l i k e  (285):  
I n  the  f i r s t  case, a  sentence would have an i n t e r p r e t a t  ion  t h a t  i s  f a l s e  i n  
the  g i ven  con tex t ,  a l though i t s  r e l e v a n t  acceptable i n t e r p r e t a t i o n s  are a l l  
t r u e .  I n  the second case, a sentence would have an i n t e r p r e t a t i o n  t h a t  i s  
t r u e  i n  the g iven con tex t ,  a l though i t s  r e l e v a n t  acceptable i n t e r p r e t a t i o n s  
are a l l  f a l s e .  
The c o n t e x t s  t h a t  d i s t i n g u i s h  the  t r u e  and f a l s e  i n t e r p r e t a t i o n s  i n  bo th  
cases c o n t a i n  a t  l e a s t  two d i f t e r e n t  events  w i t h  i d e n t i c a l  p a r t i c i p a n t s  S 
which a l s o  i nvo lve  d i f f e r e n t  p a r t i c i p a n t s  A and A2 : 1 
68. ' t Q  N' ( y ) l m  i s  e i t h e r  a q u a n t i f i e r  over i n d i v i d u a l s  o r  se ts ,  What i s  
important  ?I t h a t  ' tQ N ' 2 ( y ) l m  p rov ides  f o r  n o r e  than one i n d i v i d u a l  or  s e t ,  
on each o f  which depends the choice o f  an event < * E e W ) .  
S i s - a  p o t e n t i a l  counterexample as a value f o r  x i n  (286);  i t  i s  no t  [Q 
N'I l"a~y. For the f i r s t  case, where (286) would be a f a l s e  i n t e r p r e t a t i o n  
among o therwise  t r u e  ones, the con tex t  i s  one i n  which the un ion o f  A and A 1 2 
i s  ( 0  N'21-manyl b u t  n2ith.r A1 nor  A 2  i s .  For the second case where (286) 
would be t r u e  and acceptable i n t e r p r e t a t i o n s  f a l s e ,  a t  l e a s t  one o f  A1 and A 2 
i s  [Q N'21nany,  b u t  t h e i r  un ion i s  no t .  
The con tex t  f o r  (288) shows t h a t  the sentence does no t  have i n t e r p r e t a t i o n s  
t h a t  are the q u a n t i f i c a t i o n a l  c l o s u r e s  o f  the  p r o p e r t y  " [ E x a c t l y  ten 
amendnents(y)lEe senators(x1  co-sponsored(e) amendments(yju, as i n  (289).  
D i f f e r e n t  i n t e r p r e t a t i o n s  are  ob ta ined  by ana lyz ing  the q u a n t i f i e r  "[Few 
s e n a t o r s ( x ) l g  e i t h e r  accord ing t o  (16b) as a non-event-dependent q u a n t i f i e r  
over s e t s  o r  accord ing t o  ( I d a ) ,  the  se t -deno ta t i ve  and extended l o g i c s '  
v e r s i o n  o f  an event-dependent q u a n t i f i e r  over se ts .  The p r o p e r t y  i n  (2891 
expressed by the fo rmula  w i t h i n  the scope o f  "[Few s e n a t o r s ( x ) l " i s  t r u e  o f  a 
s e t  o f  senators  i f  they  have co-sponsored throughout l e g i s l a t i v e  h i s t o r y  
exact1 y t e n  amenhen t s .  
(288) Few senators  ever co-sponsored ( i n  sane session or  another)  
e x a c t l y  ten  amendments. 
For the  con tex t  h e p i c t a d  i n  ( 2 9 0 1 ,  l e t  S be a caucus o f  more than few 
senators,  and l e t  9, , . . . ,Sn be the non-empty, non-s ingleton69 proper subsets 
69 ,  i n  order  t o  be ~ a - s p o n s o r s .  
o f  S. We cons ider  now a sequence o f  s e n a t o r i a l  sess ions  a t  each o f  which 
e x a c t l y  one amendment i s  sponsored. Suppose a l s o  t h a t  no amendment i s  
sponsored more than once. The sponsors o f  the amendment i n  consecut ive 
sessions are: 
( 290 S1,.s.,Sn, S, Sl1...,Sn, S, Si,.s.,S n ' S, Sl,.,.,Sn, S, S1,s.;,Sn, S. 
Sl , " . ,sn, s, s1 , , . . *Sn, S, S1 , a "  'S", s, Si , " . , s  S. si , . . "Sn ' s. n ' 
The events o f  t h i s  con tex t  correspond t o  the s e n a t o r i a l  sessions. Caucus S 
has sponsored e x a c t l y  ten  amendments, d i s t r i b u t e d  among ten d i s t i n c t  
sessions.  A l s o  note  t 5 a t  every senator  i n  caucus S has been a co-sponsor i n  
the course o f  (290) of more than ten amendments, s ince every senator i n  S i s  
a l s o  a co-sponsor i n  same o f  the S., i l i 5 n .  
I 
The acceptable i n t e r p r e t a t i o n s  o f  (288) i n  which ' f e w  senatorsn i s  no t  
event-dependent are t r u e  i n  (290). These are shown i n  (291) and (292). The 
q u a n t i f i e r  b i n d s  a v a r i a b l e  over i n d i v i d u a l s  and the m a t r i x  can express 
e i t h e r  o f  the  p r o p e r t i e s  s h w n .  
(291)tFew s e n a t o r s ( x > l E c t l O !  amendments(y)l senators(x )  cosponsored(e) amendments(r 
where i s  r v a r i a b l e  over i n d i u i d u a l s .  
(292)tFew s e n a t o r s ( x ) l t 1 0 !  amendments(y)lEe senators(x1  cosponsored(e) amendnrents(y 
where i s  a v a r i a b l e  over i n d i v i d u a l s .  
The p r o p a r t y  i n  (291) i s  t r u e  o f  a senator  i f  he has been a t  some session 
p a r t  o f  a co-sponsorhip o f  t en  amendments. I n  (2901, each session saw the 
co-sponsorship o f  o n l y  one amendment, There are t h e r e f o r e  no senators  
s a t i s f y i n g  the p r o p e r t y  i n  (2911, and t h i s  i n t e r p r e t a t i o n  o f  (288) i s  then 
t r u e .  
The i n t e r p r e t a t i o n  i n  (292) i s  the one deseru inq c l o s e s t  comparison t o  
(289). I t  d i f f e r s  o n l y  i n  the va lues  f o r  x ,  which are i n d i v i d u a l s .  The 
p r o p e r t y  i n  (292) i s  t r u e  o f  a  senator  i f  t he re  are throughout l e g i s l a t i v e  
h i s t o r y  e x a c t l y  ten  amendments o f  which he has been a  co-sponsor. As noted 
aboue, the senators  i n  (290) each co-sponsor more than ten amendments. Thus, 
none s a t i s f i e s  the p r o p e r t y  expressed i n  (2921, and t h i s  i n t e r p r e t a t i o n  i s  
t h e r e f o r e  t r u e  i n  (290). 
The q u a n t i f i e r  ' [ few s e n a t o r s ( x ) l '  i s  n o t  event-dependent i n  ( 2 8 9 )  i f  i t  i s  
i n t s r p r o t e d  accord ing t o  ( l b b ) ,  as i n  (293). The p r o p e r t y  c losed  by the 
q u a n t i f i e r  i s  the same as  the  one i n  (292) except f o r  the va lues  o f  x. 
I n s t e a d  o f  r e q u i r i n g  t h a t  the  i n d i v i d u a l  senators  who have t h i s  p r o p e r t y  are 
a l l  together  few senators,  t h i s  i n t e r p r e t a t i o n  r e q u i r e s  t h a t  the s e t s  o f  
senators  who have t h i s  p r o p e r t y  are a l l  toqether  few senators,  
( 2 9 3 )  Es ( few senators(s )  81 
Ax([ lO!  amendmants(y)lEe senators(x1  co-sponsor amendments(y) + xCs) 
8 Pkl(Ax([lO! amendments(y)lEe senators(x )  co-sponsor amenchents(y1 + x&)  + scwj)  
T h i s  i n t e r p r e t a t i o n  i s  f a l s e  i n  (290). Caucus S i s  a  counterexample. I t  i s  
a  s e t  of more than few senators,  and the re  are throughout the l e g i s l a t i v e  
h i s t o r y  i n  (290) e x a c t l y  ten  amendments t h a t  caucus S has co-sponsored. 
Tho sentence i n  (288) i s  ambiguous. I n  sane o f  i t s  i n t ~ r p r e t a t i o n s ,  the 
q u a n t i f i e r  " few senators '  i s  c l e a r l y  n o t  w i t h i n  the  scope o f  any o ther  
opera tor .  These i n t e r p r e t a t i o n s  are  p l a i n  a s s e r t i o n s  about the q u a n t i t y  of 
senators  s a t i s f y i n g  same p r o p e r t y .  These i n t e r p r e t a t i o n s  o f  (288) are a l l  
t r u e  i n  (290). But ,  one o f  these i n t e r p r e t a t i o n s ,  namely t h a t  i n t e r p r e t a t i o n  
conforming t o  (289) i n  which " few senatorsu  i s  a  non-event-dependent 
q u a n t i f i e r  over s o t s  t (16b ) ) ,  would be f a l s e  i n  (290) i f  i t  were poss ib le  t o  
exproso a  p r o p e r t y  o f  s e t s  such as tne one i n  (289). 
No o the r  i n t e r p r e t a t i o n  o f  the q u a n t i f i e r s  i n  (289) corresponds t o  an 
acceptable i n t e r p r e t a t i o n  o f  (288).  The i n t e r p r e t a t i o n  i n  (294) ob ta ined by 
a p p l y i n g  (16a) t o  " few senators"  f a i l s  t o  be the  event-dependent 
i n t e r p r e t a t i o n  o f  (288). 
t 294)Ax(I lo! amendnents(y)lEe senators(x )  cosponsor amendments(y) + f e w  senators(x :  
The event-dependent i n t e r p r e t a t i o n  o f  (288) i s  vacuously t r u e  i n  (290). Any 
event o f  co-sponsoring e x a c t l y  tan  amendments i n v o l v e s  few senators,  s ince  
the re  are no such events  i n  (2901, o n l y  co-sponsorings o f  j u s t  one 
amenbent.  As w i t h  the f i r s t  i n t e r p r e t a t i o n  conforming t o  (2891, caucus S i s  
a counterexample t o  (294). The i n t e r p r e t a t i o n  represented by (294) i s  f a l s e  
i n  (290) because there  i s  a s e t ,  S, t h a t  has co-sponsored e x a c t l y  ten  
amentfnents over the  course o f  one or  more sessions b u t  i s  no t  f e w  
senators.  70 
We may conclude then t h a t  no i n t e r p r e t a t i o n  o f  (288) i s  ob ta ined from the 
q u a n t i f i c a t i o n a l  c l o s u r e  o f  the p r o p e r t y  on s e t s  d e f i n e d  above. L 'q l ike the 
s i m i l a r  p r o p e r t y  o f  i n d i v i d u a l s ,  no i n t e r p r e t a t i o n  o f  (288) 's  p r e d i c a t e  
expresses a p r o p e r t y  t r u e  o f  a s e t  o f  senators  j u s t  i n  case there  are e x a c t l y  
ten  amendnents among the  v a r i o u s  sessions a t  which t h a t  se t  has co-sponsored 
amendments. 
70. In (2801, the  decreasing q u a n t i f i e r  " few senators '  and the adverb "eve r "  
a re  meant t o  exclude t h a t  i n t e r p r e t a t i o n  d iscussed i n  sec. 5.1.1 which 
c o n t a i n s  an u n r e s t r i c t e d  event q u a n t i f i e r ,  Such an i n t e r p r e t a t i o n  o f  (288) 
i s  paraphrased by 'any event i s  an event o f  few senators  co-sponsoring 
e x a c t l y  ten  amendments.' Note t h a t  t h i s  i n t e r p r e t a t i o n  would be f a l s i f i e d  by 
every one o f  the  sess ions  i n  ( 2 9 0 ) ,  s ince  none i s  an event i n  which ten 
amendments are co-sponsor&d. For t h i s  reason, (294) cou ld  no t  be taken t o  
represent  an i n t e r p r e t a t i o n  w i t h  an u n r e s t r i c t e d  event q u a n t i f i e r ,  even i f  i t  
were a v a i l a b l e  t o  (288). (294) i s  f a l s i f i e d  o n l y  by the sessions a t  which 
caucus S i s  the co-sponsorship, 
I n  t h i s  case, the  unacceptable i n t e r p r e t a t i o n s  r e s u l t i n q  from the 
q u a n t i f i c a t i o n a l  c losu re  o f  a p r o p e r t y  l i k e  (285) are t r u e  i n  the g iven 
c o n t e x t ,  a l though the acceptable i n t e r p r e t a t i o n s  o f  the sentence are f a l s e .  
The p r o p e r t y  e x e m p l i f y i n g  (285) i s  the  same as the one i n  sec. 5.2.1.: 
(295) CExact ly ten  amendments(y)lEe sena to rs tx )  co-sponsored(e) amendrnents(y1 
I t  i s  t r u e  o f  a s e t  o f  senators  j u s t  i n  case there  are e x a c t l y  ten  
amendments d i s t r i b u t e d  among the sess ions  a t  which they were the 
co-sponsors. (296)  i s  the sentence whose i n t e r p r e t a t i o n s  we cons ider .  
(296) Fewer than e leven senators  ever co-sponsored ( i n  some session o r  another)  
e x a c t l y  ten  amendments 
For the con tex t  dep ic ted  i n  (2971 ,  l e t  S be a caucus of e leven senators,  and 
l e t  U be a group o f  e leven sena to rs  d i s j o i n t  f rom S. U1, ..., U are t h e  11  
eleven proper subsets o f  U t h a t  c o n t a i n  ten  members. I n  each o f  them, a 
d i f f e r e n t  senator  o f  U i s  absent.  A A and ha are d i s j o i n t  s e t s  o f  e x a c t l y  2 
t en  mendnents  each. L e t  cl, ..., c be e leven d i s t i n c t  i n d i v i d u a l  11 
amendments. (297) shows the sponsors and t h e i r  amendments i n  consecut ive 
saosiono o f  the  Senate. 
(297) 9 - d l ,  U - - c 1 , ,  U6--c6, S--AZ, U7--c7,..., U1 --c 11 '  S--Aa 
The events  again correspond t o  s e n a t o r i a l  sessions.  Caucus S has sponsored 
t h i r t y  amendments d i s t r i b u t e d  among th ree  sessions a t  which e x a c t l y  ten were 
sponsored. Note t h a t  the senators  i n  U have each been a co-sponsor i n  the 
course o f  (297) o f  e x a c t l y  ten  arr~endments. Every senator  o f  U was absent a t  
the co-sponsoring o f  one of the  e leven amendments cl, ..., c bu t  p resent  f o r  11 
the ten  remain ing,  and he was a co-sponsor o f  no o the rs .  
Acceptable i n t e r p r e t a t i o n s  o f  (296) are a l l  f a l s e  i n  (297). Each session 
i n v o l v i n g  S i s  an event o f  co-sponsoring e x a c t l y  t cn  amendments, and i t  
i nvo lves  eleven senators.  The event-dependent i n t e r p r e t a t i o n  i n  ( 2 9 8 )  i s  
f a l s i f i e d  by each o f  these events: 
(298) [Ae: co-sponsor(e) e x a c t l y  ten  amendmentsllfewer than eleven s e n a t o r s ( x > l  x !  
The acceptable i n t e r p r e t a t i o n s  o f  (296) i n  which 'few senators"  i s  no t  
event-dependent are  shown i n  (299) and (300). The q u a n t i f i e r  b inds  a 
v a r i a b l e  over i n d i v i d u a l s  and the m a t r i x  can express e i t h e r  o f  the p r o p e r t i e s  
shown. 
(299) : 
[Fewer than 10 senators(x) lEeC10! amendments(y)l senatarsCx) co-sponsored(e1 
amendments( Y )  , 
where g i s  a v a r i a b l e  over i n d i v i d u a l s .  
(300) 1 
[Fewer than 10 s e n a t o r s ~ x ) l ~ l O !  amendrnents(y)lEe sena to rs tx )  co-sponsored(e) 
amendments( y >  , 
where x i s  a v a r i a b l e  over i n d i u i d u a l s .  
The p r o p e r t y  i n  (299) i s  t r u e  o f  a senator  i f  he has been a t  s m e  session 
p a r t  o f  a co-sponsorhip o f  t en  amendnents, I n  (299), the senators  o f  S have 
each been a t  such sessions. Together they are e leven,  f a l s i f y i n g  t h i s  
i n t e r p r e t a t i o n  o f  ( 2 9 6 ) .  
The i n t e r p r e t a t i o n  i n  (300) i s  the q u a n t i f i c a t i o n a l  c losu re  o f  a p r o p e r t y  
t h a t  d i f f e r s  f rom (295) o n l y  i n  b e i n g  d e f i n e d  f o r  i n d i v i d u a l s  r a t h e r  than 
se ts .  I t  i s  t r u e  o f  a senator  i f  there  are throughout l e g i s l a t i v e  h i s t o r y  
e x a c t l y  ten  amendments o f  which he has been a co-sponsor. As noted above, 
the  senators  o f  U each co-sponsor i n  (297) e x a c t l y  ten  amendments, Since,  
t he re  are e leven o f  them, t h i s  i n t e r p r e t a t i o n  o f  (296) i s  a l s o  f a l s e .  
Now i f  i t  were p o s s i b l e  f o r  (296) t o  c o n t a i n  the expression o f  the p r o p e r t y  
of s e t s  i n  (2951, then (296) would have i n t e r p r e t a t i o n s  t h a t  were t r u e  i n  
(297). The i n t e r p r e t a t i o n s  i n  which "fewer than ten  senatorsu  i s  analyzed by 
( I d a )  o r  by (16b) are bo th  t r u e :  
t301)CFew senators(x ) IC lO!  amendnents(y)lEe senators(x )  cosponsored(e) amendments 
(302) Ax( t iO !  amenbnents(y)lEe senators(x )  co-sponsor amendrnents(r) 
+ fewer than 10 sena to rs (x ) )  
(303) Es (fewer than 10 senatoro(s)  & 
Ax(C10! amendnents(y)lEe senators(x )  co-sponsor amendmentsty) + xCsj 
& h ( A x ( C l O !  amendments(y)lEe senators(x )  co-sponsor arnendments(y) + xCw> + sC,w>) 
None o f  the  s e t s  i n  (296) have the  r e l e v a n t  p r o p e r t y .  Both i n t e r p r e t a t i o n s  
are t h e r e f o r e  vacuously t r u e .  That  i s ,  any s e t  o f  senators  co-sponsoring 
e x a c t l y  ten  amenchtents i s  fewer than e leven senators,  and a l l  such s e t s  o f  
senators  are  together  fewer than eleven. The s e t s  Ul, ..., U have each 11 
co-sponsored o n l y  one amendment, and the s e t  S has co-sponsored e x a c t l y  
t h i r t y  amendments. No o ther  s e t s  o f  senators  i n  the con tex t  o f  (297) 's  
events  can be cons idered t o  have co-sponsored amendments. F o l l o w i n q  sec. 
5.1, asenators(x )  co-sponsor(e) amendmentsty)' denotes a se t  o f  senators,  an 
event,  and a s e t  o f  amencbnents o n l y  i 4  the  s e t  o f  senators  and the s e t  o f  
amendments exhaust the  senators  and amendments p a r t i c i p a t i n g  i n  the event .  
~ h h  s e t s  o f  senators  exhaust ing  t h e i r  events i n  (296) are exact1 y S and 
U1,...,Ull, and these s e t s  do n o t  f a l s i f y  e i t h e r  (302)  o r  (303) .  
Since no i n t e r p r e t a t i o n  o f  (296) i s  t r u e  i n  (2971, we may conclude t h a t  the 
p r o p e r t y  on s e t s  ( 2 9 5 )  cannot be expressed, d e s p i t e  the  s i m i l a r  p r o p e r t y  04 
i n d i v i d u a l s  expressed i n  the  i n t e r p r e t a t i o n  i n  (300). 
Sec t ions  5.1 and 9.2 have shown t h a t  t he re  i s  e s s e n t i a l l y  no q u a n t i f i c a t i o n  
over an independent domain o f  se ts .  I f  q u a n t i f i c a t i o n  over s e t s  i s  assumed, 
sec, 5.1 shows t h a t  no p r e d i c a t e  denotes a  s e t  un less  i t  i s  the 
p a r t i c i p a n t s  i n  an event who f u l f i l l  sane r o l e  te.q., a l l  marbles f a l l i n g  
i n t o  s l o t s  o r  a l l  s l o t s  marb les  are f a l l  i n g  i n t o ) .  There are no proper 
n+1-ary r e l a t i o n s  where c l , . . c  , e n  and d l I . . . d  e n  are  both  t r u e  n  n  
and some c i  i s  no t  i d e n t i c a l  t o  d i e  Any p r e d i c a t e  i s  a  f u n c t i o n  f rom events 
t o  n - tup les  of se ts .  Sec. 5.2. s h w s  t h a t  t he re  must be some way t o  exclude 
the expression o f  p r o p e r t i e s  t h a t  t a l k  about a  se t ' s  a c t i v i t i e s  across 
severa l  events,  Al though s e t s  do p a r t i c i p a t e  i n  d i f f e r e n t  events such t h a t  
' ( ts ,  rll el)' and '.(s, r2, e2)' may bo th  be t r u e ,  we must no t  form the 
p r o p e r t y  ' C Q  N ' t y ) lEe  # (x ,  y, e l " ,  which t o  be t r u e  o f  the se t  s depends on 
the  s i z e  o f  rlUr2. One can say o f  s e t s  o n l y  what can be s a i d  o f  events.  
I n  t h i s  s e c t i o n  we in t roduce a new se t -deno ta t i ve  l o q i c ,  m o d i f y i n g  the 
c lauses (15) and (16)  t h a t  i n t e r p r e t  q u a n t i f i e r s .  The new c lauses q u a n t i f y  
over events and s e t s  a t  the  same t ime, e l i m i n a t i n g  the need f o r  a  separate 
q u a n t i f i e r  over euents. But ,  t o  s a t i s f y  the  r e s t r i c t i o n s  r e q u i r e d  by t h i s  
chapter ,  the s e t s  w i l l  r e a l l y  j u s t  be shadows o f  the events. The new l o g i c  
w i l l  a l s o  meet the o b j e c t i o n s  of chapter  4, w h i l e  remain ing  se t -denota t iue  i n  
an important  way. 
The new l o g i c  i s  in t roduced f o r  two reasons. The f i r s t  i s  j u s t  t o  present  
an o b j e c t  t h a t  answers chapters  4  and 5  w i t h o u t  b e i n g  event l o g i c .  I t  w i l l  
h ~ l p  t o  c o l l e c t  the r e s u l t s  o f  these chapters  and t o  show what aspects o f  
event l o g i c  they are evidence f o r  and what aspects n o t .  The second reason i s  
o f  course t o  address what remains t o  d i s t i n g u i s h  i t  f rom event l o q i c .  T h i s  
concerns s tandard  assumption 0.1 about atomic p o l y a d i c  p red ica tes .  The new 
l o g i c  preserves  the formal  syntax o f  se t -deno ta t i ve  l o q i c :  the p l u r a l  NPs are 
a l l  q u a n t i f i e r s  t h a t  b i n d  v a r i a b l e s  i n  a po lyad ic  atomic p r e d i c a t e .  
(304) I n c r e a s i n q  q u a n t i f i e r s ,  
a. (und iv ided  re fe rence  t o  a denotatum) ' I Q  N'3 4 ( x I M  i s  t r u e  i f f  
f o r  some event- indexed s e t  < c , i > ,  c i s  fQ N'l-many, and " O ( < c , i > j "  i s  t r u e .  
b, { d i v i d e d  re fe rence  t o  denotata)  'CQ N ' l  + t x ) "  i s  t r u e  i f f  f o r  some event 
-indexed s e t s  c 1 , i 1 ,  c , i  , the un ion o f  cl,..,,ck,.,. i s  [Q N'l-many. k k  
and '4((cl, i l)) '  i s  true...and '+ (<ck , i k ) ) '  i s  t rue. . . .  
(305) Non- increasing q u a n t i f i e r s .  
a. (event-dependent) '[Q N'1 #(XI' i s  t r u e  i f f  
every event- indexed s e t  < c , i )  i s  such t h a t  i f  " 8 ( < c , i > ) "  i s  t r u e  c i s  C Q  N'I-many 
b e  (non-event-dependent) 'CQ N' l  +(XI' i s  t r u e  i f f  the un ion o f  
a l l  s e t s  c such t h a t  f o r  sane event  i " # ( < c , i > ) "  i s  t r u e  i s  C Q  N'l-many. 
The i n t u i t i v e  idea t h a t  c h a r a c t e r i z e s  c lauses  (304) and (305) i s  t h a t  they 
i n t e r p r e t  sentences such as those i n  (306) as e l l i p t i c a l  expressions o f  the 
sentences i n  (307). 
(306)Ten c r i t i c s  bouqht twenty good hooks 
Few c r i t i c s  j o i n t l y  bouqht e x a c t l y  ten  good books 
(307)Ten c r i t i c s  i n  some euent(s)  bought twenty good books i n  some event (s )  
Few c r i t i c s  i n  some event.(s) j o i n t l y  bouqht e x a c t l y  ten  good books i n  some event(  
The events i ndex ing  s e t s  are  the same events  t h a t  appear i n  event l o g i c  or  i n  
the ex tens ion t o  se t -deno ta t i ve  l o g i c  cons idered e a r l i e r .  They have the 
p r o p e r t i e s  descr ibed i n  sec. 3.4-3.5. The l o g i c a l  form o f  a sentence 
assoc ia tes  w i t h  each p l u r a l  q u a n t i f i e r  i t s  own q u a n t i f i c a t i o n  over events and 
w i t h  each s e t  i t s  own event- index; b u t ,  i t  i s  assumed t h a t  one's knowledqe o f  
events has the  f o l l o w i n g  e f f e c t s  on the meaning o f  any sentence, I f  any 
p r e d i c a t e  ' @ '  i s  t r u e  o f  an n - tup le  o f  event- indexed se ts ,  then the events 
i ndex ing  those s e t s  are  i d e n t i c a l :  
(308) @(Ccl,il > ,..., <cn, in))  + il= ...= i 
n 
As w i t h  event l o g i c  and the e a r l i e r  ex tens ion t o  se t -deno ta t i ve  l o g i c ,  we  
have j u s t  one event o f  @- ing.  But ,  the  extended l o g i c ' s  n + l - a r r  
' @ ( c t ,  ".,c , e l a  i s  rep laced  by the n-ary '@((cl,e), ..., (c , e ) ) " ,  copying e 
n n 
as an index on every s e t .  F o l l o w i n g  sec. 5.1, one a l s o  knows t h a t  the s e t s  
r e l a t e d  t o  any event a re  unique. Hence, (309) i s  t r u e  o f  any p r e d i c a t e  and 
a r b i t r a r y  s e t s  and events: 
(309) (4((cl,e>, ..., (cn,e)) & @((di,e>, ..., {dn,e))) + (A i : lS iSn)  c i=d i  
The requirements o f  sec. 5.2 are  a l s o  met. I t  i s  no t  p o s s i b l e  t o  express 
any th ing  equ iva len t  t o  the extended l o g i c ' s  (2891, which i s  the 
q u a n t i f i c a t i o n a l  c losu re  o f  the p r o p e r t y  i n  (310) t h a t  r e q u i r e s  o f  a se t  o f  
senators  t h a t  t he re  be be e x a c t l y  ten  amendments d i s t r i b u t e d  amonq the events 
i n  which t h a t  s e t  has co-sponsored amendments. 
(310) [ e x a c t l y  ten  amendnents(y)l Ee senators(x )  co-sponsored(ej amenbnents(yj 
(289) *[Few senators(x )3Cexact ly  ten  amencbnents(y)lEe senators(x1 co-sponsored<e) 
arnendmen t s( y )  
The new l o g i c  has no e q u i v a l e n t  t o  (289) because the i n t e r p r e t a t i o n  o f  a 
q u a n t i f i e r  i s  always const rued w i t h  a h idden q u a n t i f i c a t i o n  over events. I f ,  
f o r  example,  "few senators '  i n  (288) i s  i n t e r p r e t e d  f i r s t ,  accord ing t o  
(305b), (311) i s  obta ined.  
(288) Few senators  co-sponsored e x a c t l y  ten  amendments 
(311) (288) i s  t r u e  i f f  the un ion o f  a l l  s e t s  c such t h a t  f o r  sane event i 
' (<sena to rs (c ) , i ) )  co-sponsored e x a c t l y  ten  amendmentsu i s  t r u e  i s  few 
senators.  
The o n l y  p r o p e r t y  o f  a  s e t  c t h a t  can be expressed b y  ' ( { s e n a t o r s ( c ) , i ) )  
co-sponsored e x a c t l y  ten  amendments" i s  one about g 's  a c t i v i t y  w i t h i n  the 
s i n g l e  event 1. I n  terms of the  extended l o g i c ,  the r e s u l t i n g  i n t e p r e t a t i o n  
i s  equ iva len t  t o  (312) r a t h e r  than ( 2 8 9 ) :  
(312)  [Few sena to rs tx ) lEe [Exac t l y  ten  amendments(r11 senators ix2  co-sponsored(e2 
arnendmen t s (  y)  
The new l o g i c  does n o t  a l l o w  f o r  a  separate,  independent q u a n t i f i e r  over 
events. As r e f l e c t e d  i n  the  equivalence o f  (3121, the i n t e r p r e t a t i o n s  
assigned by c lauses (304) and (305) guarantee t h a t  an e x i s t e n t i a l  
q u a n t i f i c a t i o n  over events  separa tes  s e t  q u a n t i f i e r s .  The equ iva len t  o f  
( 2 8 9 )  i s  never assigned. 7 1  
71. There i s  an a l t e r n a t i u e  t o  (304) and (305) t h a t  i s  c l o s e r  t o  the extended 
l o g i c .  I t  adopts the  extended l o g i c ' s  n t l - a r y  p r e d i c a t e s  "O(x , . . , , x  , e l u  
and the c o n s t r a i n t s  o f  sec. 5.1 on t h e i r  t r u t h  cond i t i ons ;  b u i  i n  th: 
l o g i c a l  form assigned t o  any n a t u r a l  language sentence, the event v a r i a b l e  e 
i s  always f r e e .  The l o g i c a l  form i s  i n t e r p r e t e d  accord inq t o  (3131 and 
(314) .  Note t h a t  the  q u a n t i f i c a t i o n  over events i n t roduced  by the f i r s t  
q u a n t i f i e r  t o  be i n t e r p r e t e d  i s  the one t h a t  ass igns  va lues  t o  the f r e e  event 
u a r i a b l o .  The q u a n t i f i c a t i o n  over events i n t roduced  by q u a n t i f i e r s  w i t h  
narrower scope i s  vacuous, 
(313) I n c r e a s i n g  q u a n t i f i e r s .  
a. (und iv ided  re fe rence  t o  a denotatum) " C Q  N ' l  4 '  i s  t r u e  i f f  
f o r  some s e t  c  and some event i, c  i s  IQ N'l-many, and " 8 1 c 5 i l '  i s  t r u e .  
b. ( d i v i d e d  re fe rence)  " C Q  N ' l  + "  i s  t r u e  i f f  f o r  some s e t s  cl, ..., c k"--' 
and same events  il,...,ik,... the un ion o f  c l ,  ..., c k ,  ... i s  L Q  N'l-many, 
and '4Cc1,i13" i s  true...and ' # [ c k , i k l m  i s  t rue. . . .  
(314) Non- increasing q u a n t i f i e r s .  
a, (event-dependent) '10 N ' l  4" i s  t r u e  i f f  
every set c  i s  such t h a t  i f  f o r  some event i c i s  i nvo lved  i n  i and "4OCc,il" i s  
c  i s  IQ N'l-many. 
I n t e r p r e t a t i o n  accord ing t o  (304) and (305) a l s o  escapes the problems o f  
chapter  4. The argument o f  sec 4.2, summarized i n  terms o f  the extended l o q i c  
i n  sec 4.5, showed t h a t  no sentence should be assigned an i n t e r p r e t a t i o n  
equ iva len t  t o  e i t h e r  (186) or  (187).  An e x i s t e n t i a l  q u a n t i f i e r  over events 
must come between the  non- increasing NP1 and the decreasing NP2 as i n  (188):  
non- i ncreas i ng (NP * (186) 
rNP 1 
i n c r e a s i n g  * decreasing Ee +(v l ,  , V 2 , e )  1 NP2 
non- increasing (NP i n c r e a s i n g  * decreasing * ( 107) *Ee NPl ) NP2 ( ( ~ ~ 9  U r V 2 $ )  
non- increasing decreasing * (188) . . .Ee.. .NP #(vl, v , v2,e) 7 2 NP1 2 
(154) a. Few c r i t i c s  bought few good books 
Recal! the  an i n t e r p r e t a t i o n  o f  (194a) i n  the  extended l o g i c  accord ing t o  
(186) would imply t h a t ,  i f  a l l  c r i t i c s  are  more than few, there  are many good 
books t h a t  they were a l l  i n v o l v e d  i n  buy ing  ( i n  the course o f  one or  more 
 event.^). An i n t e r p r e t a t i o n  accord ing t o  (187) would have a s i m i l a r  
unacceptable i m p l i c a t i o n  w i t h  respec t  t o  some p a r t i c u l a r  event.  But ,  (154a) 
i n t e r p r e t e d  accord inq t o  (188) i m p l i e s  o n l y  t h a t ,  i f  a l l  the c r i t i c s  are no t  
few, the re  i s  no event o f  buy ing  few good books which they were a l l  i nvo lved  
i n .  
As no ted  above, when we cons ider  the i n t e r p r e t a t i o n s  i n  the event l o g i c  
e q u i v a l ~ n t  t o  those d e r i v e d  f rom c lauses  (304) and (3051, we see t h a t  these 
c lauses always p u t  an e x i s t e n t i a l  q u a n t i f i e r  between se t  q u a n t i i i e r s ,  
b. (non-event-dependent) "[Q N ' l  4' i s  t r u e  i f f  the union o f  a l l  s e t s  c 
such t h a t  f o r  some event i 6 i s  i n v o l v e d  i n  i and " e l c , i l "  i s  t r u e  i s  C Q  N'I-ma 
72. The p o s i t i a n  o f  the  event q u a n t i f i e r  w i t h  respect  t o  the i nc reas inq  
q u a n t i f i e r s  NP is i r r e l e u a n t ,  
d e r i v i n g  an equ iva len t  t o  (188) bu t  exc lud ing  (106) and (187).  
I n  sec t  4.6, i t  was shown t h a t  every se t -deno ta t i ve  i n t e r p r e t a t i o n  
conforming t o  (189) r e s u l t s  i n  unacceptable en ta i lmen ts  f o r  the sentences so 
i n t e r p r e t e d  i f  "4 '  expresses an i n c r e a s i n g  r e l a t i o n :  
( 189! non- increas ing non-decreasing * non-decreasing NP 1 (NP 1 NP2 4 ,  
where an NP non-decreasing t h a t  i~ non- increas ing i s  i n t e r p r e t e d  
o n l y  by (16b), as non-event-dependent, 
(204) a. Few c r i t i c s  bought ( a t  l e a s t )  t h ree  good books 
Such an i n t e r p r e t a t i o n  o f  (204a) would, f o r  example, imply t h a t  few c r i t i c s  
bouqht good books or  the re  are  n o t  ( a t  l e a r t )  t h ree  good books bouqht by 
c r i t i c s .  
I n  see. 4.9, where the  argument o f  sec 4.6 i s  d iscussed i n  terms o f  the 
extended l o g i c ,  i t  i s  p o i n t e d  out  t h a t  the unacceptable en ta i lmen ts  o f  (109) 
are  avoided i f  an e x i s t e n t i a l  q u a n t i f i e r  over events  in tervenes between NP1 
and NP2. But ,  c lauses (304) and (305) ass ign  o n l y  i n t e r p r e t a t i o n s  which are 
equ iva len t  t o  those where an e x i s t e n t i a l  q u a n t i f i e r  in tervenes.  
Sec 4.9 a l s o  p o i n t e d  ou t  t h a t  the se t -deno ta t i ve  ve rs ion  o f  some 
event -depend~nt  q u a n t i f i e r s  assigirs unacceptable i n t e r p r e t a t i o n s  t h a t  are 
always f a l s e ,  when these q u a n t i f i e r s  c lose  i n c r e a s i n g  p r o p e r t i e s  or  
p r o p e r t i e s  t h a t  are t r u e  o f  the ou~bsets o f  any s e t  o f  which they are t r u e .  
(257) a. E x a c t l y  ten  good s tudents  are unprepared 
Assuming 'be unprepared' i n  (257a) i s  such a p r o p e ~ t y ,  the se t -denota t iue  
v e r s i o n  o f  (257a)'s event-dependent i n t e r p r e t a t i o n  i s  always f a l s e .  I t  
r e q u i r e s  any s e t  o f  unprepared s tuden ts  t o  be e x a c t l y  ten,  which cannot be 
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t r u e  o f  a  se t  and proper subset.  The unacceptable i n t e r p r e t a t i o n  i s  avoided 
whenever an e x i s t e n t i a l  (!vent q u a n t i f i e r  comes between the p r o p e r t y  and the 
sat q u a n t i f i e r ,  According t o  (30Sa), any s e t  c i s  f e w  good s tudents ,  i f  a t  
s m a  event i ,  c  i s  unprepared. F o l l w i n q  f rom ( 3 0 9 ) ,  no o ther  se t  cou ld  b e  
unprepared a t  i .  The p r o p e r t y  o f  event- indexed s e t s  'be p r e p a r e d ( < x , i ) ) "  i s  
n o t  i n c r e a s i n g  nor t r u e  o f  the  subsets o f  x a t  i .  Hence, the ,~nacceptabSe 
i n t e r p r e t a t i o n  i s  avo ide t .  
Chapter 6 
Q u a n t i f y i n g  over se ts ,  events  and i n d i v i d u a l  o b j e c t s  and the  syntax o f  
l o g i c a l  f o rm 
Event l o q i c ,  t he  l o q i c  based on c lauses (304 )  and (3051, and the 
a l t e r n a t i v e  i n  n.  71 a l l  meet the  c o n s t r a i n t s  on i n t e r p r e t i n g  p l u r a l c  
d iscussed i n  chapters  4  and 5 ,  The l a s t  two preserve the syntax o f  
se t -denota t ive  l o g i c ,  P l u r a l s  are  q u a n t i f i e r s  t h a t  b i n d  i n  po lyad ic  atomic 
p r e d i c a t e s  v a r i a b l e s  whose va lues  are (event- indexed) se ts .  Reca l l  from 
sec. 3.2 the  c h a r a c t e r i s t i c  f e a t u r e  of se t -denota t iue  syntax:  the atomic 
po lyad ic  p r e d i c a t e  'V* always appears w i t h  a f u l l  valence o f  argument 
p o s i t i o n s .  I n  i n t e r p r e t i n g  a  sentence, any (sub) formula  t h a t  con ta ins  " V W  
c o n t a i n s  a p lace f o r  every NP i n  the sentence. The sum o f  p l d r a l s ,  
event-dependent and non-event-dependent i n t e r p r e t a t i o n s  are a l l  ob ta ined i n  
the  new l o g i c  f r u n  (315) and i n  the a l t e r n a t i v e  o f  n. 71 f rom ( 316 ) :  
(31 5) t O  N' ( (X , i ) ) l  ,CNPj...NPk V((X, i ) , . . . ) l  
(31 6) t Q  N'l ,tNPj...NPk V(X,e,.?.) I  
The d i f f e r e n t  i n t e r p r e t a t i o n s  are  d e r i v e d  f rom the c lauses t h a t  i n t e r p r e t  
"tQN'la, (304) and (305) i n  the  new l o g i c ,  and (313) and (314)  i n  n ,  71 .  
Note t h a t  the events  r e l e v a n t  f o r  a l l  o f  these i n t e r p r e t a t i o n s  are events ,! 
i n  which @ ( < X , i ) )  f o r  some v ~ ! z o  o f  the s e t  v a r i a b l e  X ( o r  events e i n  which 
4(X,e)) f o r  some va lue o f  &I.  Thus, the  sum o f  p l u r a l s  i n t e r p r e t a t i o n  says 
e s s e n t i a l l y  t h a t  s m e  event i n  which f o r  some & # ( < C , i > )  i s  such t h a t  C i s  CQ 
N ' l .  S i m i l a r l y ,  the  event-dependent i n t e r p r e t a t i o n  o f  (3151, f o r  example, 
says t h a t  any event i n  which some C 4((C,i)1. i s  such t h a t  C i s  [ Q  N ' l .  The 
non-event-dependent i n t e r p r e t a t i o n  r a y s  t h a t  the  un ion o f  a l l  such s e t s  C, 
f o r  which the re  i s  an event i n  which @ ( ( C , i ) >  i s  C Q  N ' I .  For a l l  o f  these 
i n t e r p r e t a t i o n s ,  a  r e l e v a n t  event must s a t i s f y  a  fo rmula  ' 9 t < X , i ) ) "  i n  (315) 
( o r  "#tX,e) '  i n  (316)) t h a t  has a  p lace  f o r  a l l  the  NPs i n  the sentence. I n  
p a r t i c u l a r ,  i t  has a  p lace ,  X ,  bound by ' C Q  N ' l ' .  
I n  c o n t r a s t ,  i n t e r p r e t a t i o n  i n  event l o g i c  uses formulas,  ' 9 ( e l a  i n  
(62)-(64) on p. 43, t h a t  c o n t a i n  'V' b u t  do n o t  c o n t a i n  p laces ( t h e t a  r o l e s )  
f o r  a l l  the NPs i n  the  sentence. I n  d e r i v i n g  the  sum o f  p l u r a l s ,  
euent-dependent and non-event-dependent i n t e r p r e t a t i o n s ,  event l o g i c  uses 
th ree f a c t o r s  l i k e  those i n  <317): the q u a n t i f i e r  ' [ Q  N ' l " ,  i t s  t h e t a  r o l e  
(which i n  (317) i s  the t h e t a  r o l e  assigned t o  the s u b j e c t ,  " INFL(s ,a) " ) ,  ?.nd 
the remainder o f  the sentence 'e(e)', which expresses a  p r o p e r t y  o f  events.  
I t  c o n t a i n s  'V(e Im,  remain ing  NPs and t h e i r  t h e t a  r o l e s ;  b u t ,  i t  does no t  
c o n t a i n  a p lace o r  t h e t a  r o l e  bound by 'CQ N'I ' .  
(31 7) C Q N ' I ,  INFL(e,a), e [Ute)  R .(e,NP .I.. Rkte,NPk)l J J 
I n  event l o g i c ,  the sum o f  p l u r a l s  says t h a t  some event e t h a t  4(e)  i s  such 
t h a t  INFL(e, CQ N'I). S i m i l a r l y ,  the  event-dependent i n t e r p r e t a t i o n  s a r s  t h a t  
any event g t h a t  + ( e l  i s  such t h a t  INFL(r ,  Q N ' l ) .  And, somewhat more 
i n d i r e c t l y  (see (64c) ) ,  the non-event-dependent i n t e r p r e t a t i o n  sa rs  t h a t  [ Q  
N'l-many i n d i v i d u a l s  are among INFL-ers i n  events a t h a t  6 C e ) .  C r u c i a l l y ,  a  
r e l e v a n t  event f o r  any of these i n t e r p r e t a t i o n s  s a t i s f i e s  the fo rmula  " 6 t e ) " ,  
which, u n l i k e  i t s  coun te rpa r t  i n  se t -denota t iue  l o q i c ,  has no p lace ,  X ,  bound 
To argue aga ins t  the se t -deno ta t i ve  syntax,  we need t o  b r i n q  i n  how 
q u a n t i f y i n q  over s e t s  and events i n t e r a c t s  w i t h  q u a n t i f y i n q  over 
i n d i v i d u a l s .  I n  p a r t i c u l a r ,  we w i l l  cons ider  how the se t -deno ta t i ve  formula 
'4" i n  (315)-(316) and i t s  coun te rpa r t  i n  event l o g i c ,  the fo rmula  "9" i n  
(3171, are i n t e r p r e t e d  when they c o n t a i n  a  q u a n t i f i e r  over i n d i v i d u a l  
o b j e c t s .  Thus, i n  the new l o g i c ,  i f  '4' i n  (315) c o n t a i n s  a q u a n t i f i e r  over 
i n d i v i d u a l  o b j e c t s  ' tQ'y: N J ( y ) l ' ,  i t  l o o k s  1 i k e  (318) :  and i n  the 
a l t e r n a t i v e  o f  n. 71, such a  '4" l o o k s  l i k e  (319).  These are t o  be compared 
w i t h  the event l o g i c ' s  * * '  when i t  c o n t a i n s  a  q u a n t i f i e r  over i n d i v i d u a l  
ob jec ts ,  as i n  (320): 
(31 8) 4  I t Q d y : N ' ( y ) l . .  .V(<X, i ) ,y , .  . . ) I  
(319) 4  I[Q'y:N'(y)I,. .V(X,e,y,. . .I1 
( 320 ) ... tV(e) tQ'<y,e):N'(y)l...R(e,y). ..I 0 
Note t h a t  i n  the  se t -deno ta t i ve  l o g i c s ,  an event i s  r e l e v a n t  f o r  
i n t e r p r e t a t i o n s  based on (318) o r  (319) j u s t  i n  case i t  i s  an event i n  which 
some C has Van. -ed o f  [Q'N'I-many i n d i v i d u a l  o b j e c t s .  I n  event l o s i c ,  
an event r e l e v a n t  f o r  i n t e r p r e t a t i o n s  based on (320) i s  one i n  which s imply  
I Q '  N ' l m a n y  i n d i v i d u a l  obJects  have each been Urn..-ed. I t  does no t  r e q u i r e  
t h a t  t he re  be some C i n  the event t o  which the i n d i v i d u a l  o b j e c t s  are a l l  
r e l a t e d .  The occurrence o f  the v a r i a b l e  X_ i n  " e m  thus imposes an a d d i t i o n a l  
c o n d i t i o n  on r e l e v a n t  events.  We w i l l  f i n d  t h a t  t h i s  r e s u l t s  i n  unacceptable 
i n t e r p r e t a t i o n s  whenever '4', as i n  (318) and (3191, a l s o  c o n t a i n s  a  
q u a n t i f i e r  over i n d i v i d u a l  ob jec ts .  Set -denota t ive  syntax f a i l s  because the 
atomic p r e d i c a t e  'V' must always appear w i t h  a p lace f o r  X. Sec. 6.1 beq ins  
the argument o f  t h i s  paragraph. I n  the r e s t  o f  t h i s  sec t i on ,  we rev iew some 
i n t e r p r e t a t i o n s  t h a t  r e q u i r e  v a r i a b l e s  over i n d i v i d u a l  o b j e c t s  and d iscuss  
how t h e i r  use a f f e c t s  the statement o f  t r u t h  c o n d i t i o n s  f o r  atomic 
p red ica tes .  
I n  e a r l i e r  chapters,  the d i scuss ion  o f  the event and se t -deno ta t i ve  l o g i c s  
has considered f o r  the most p a r t  j u s t  those aspects t r e a t i n g  the problem t h a t  
i n t e r p r e t a t i o n s  w i t h  p l u r a l s  are no t  r e d u c i b l e  t o  p r e d i c a t i o n s  o f  o n l y  
i n d i v i d u a l  o b j e c t s .  I n  a d d i t i o n  t o  q u a n t i f y i n g  over s e t s  and/or events,  
these proposa ls  a l s o  recogn ize  those i n t e r p r e t a t i o n s  t h a t  c a l l  f o r  the more 
f a m i l i a r  q u a n t i f i e r s  t h a t  b i n d  v a r i a b l e s  i n  p r e d i c a t e s  denot inq  i n d i v i d u a l  
ob jec ts .  Reca l l  f rom sec. 5.2 t h a t  (288), assuming " few s ~ n a t o r s "  has wide 
scope, may have e i t h e r  o f  the i n t e r p r e t a t i o n s  i n  (291) and ( 2 9 2 ) .  
(288) Few senators  ever co-sponsored , ' i n  some session or  another)  
e x a c t l y  ten  amendments. 
(291) [Few senators tx ) lEeCExact ly  ten  amendrnentsiy)I senators(x1  co-sponsored(e> 
amendments(y1, 
where 5 i s  a  u a r i a b l e  over i n d i u i d u a l s .  
(292) [Few s t n a t o r s ~ x ) l ~ E x a c t l y  ten  amendments(y1lEe senators(x )  co-sponsored(e1 
arnendments<y), 
where 5 i s  a  v a r i a b l e  over i n d i u i d u a l s .  
(291) stands f o r  t h a t  i n t e r p r e t a t i o n  -)here ' e x a c t l y  ten amendmentsu measures 
the i n d i v i d u a l  events. I t  i s  about events o f  co-sponsoring e x a c t l y  ten 
amendments, a s s e r t i n g  t h a t  few senators  were co-sponsors i n  such events.  The 
resources o f  the new l o g i c  (and the a l t e r n a t i v e  i n  n. 71) are adequate f o r  
t h i s  i n t e r p r e t a t i o n .  I t  i s  ob ta ined  f rom q u a n t i f y i n g  over event- indexed s e t s  
t h a t  s a t i s f y  the fo rmula  ' ( (X , i ) )  co-sponsored e x a c t l y  ten amendmentsu. 
1n te rp re . t i ng  'few senators '  accord ing t o  c lause (305b1, (288) i s  t r u e  i f f  the 
un ion o f  a l l  s e t s  w i t h  events i n  which they co-sponsored e x a c t l y  ten 
amenchents i s  few senators.  The atomic p r e d i c a t e  i s  a  r e l a t i c n  on 
event- indexed s e t s  as s h w n  i n  (321): 
(321) [Few senators(<X, i ) ) lC10!  amendments((Y,j)) l sena to rs ( (X , i>>  co-sponsored 
amendments((Y,j)S 
I t  i s  the i n t e r p r e t a t i o n  represented i n  (2921 t h a t  c a l l s  f o r  i n d i v i d u a l  
v a r i a b l e s  i n  a d d i t i o n  t o  v a r i a b l e s  f o r  events and s e t s ,  I n  t h i s  
i n t e r p r e t a t i o n ,  ' e x a c t l y  ten  amendmentsu measures the i n d i v i d u a l ' s  a c t i v i t y  
across  whatever events  he has p a r t i c p a t e d  i n .  Any senator  must be among few 
senators  i f  the re  are  e x a c t l y  ten  amendments, d i s t r i b u t e d  among the euents, 
which he co-sponsored. T h i s  i n t e r p r e t a t i o n  r e q u i r e s  an i n d i v i d u a l  v a r i a b l e  x 
and an atomic r e l a t i o n  between i n d i v i d u a l s  and event- indexed se ts :  
(322) [Few s e n a t o r s ( x ) I t l O !  amendments((Y,j))l senator (x1  co-sponsored 
amendments( ( Y ,  j>!  7 3 
The formula  w i t h i n  the scope o f  " [ few s e n a t o r s ( x ) I u  i s  a p r o p e r t y  about the 
a c t i v i t i e s  o f  an i n d i v i d u a l  senator .  Note t h a t  the atomic p r e d i c a t e s  i n  
(322) and (321) are  no t ,  s t r i c t l y  speaking, the  same; bu t  one assumes t h a t  
they are  r e l a t e d  s y s t e m a t i c a l l y ,  as r e f l e c t e d  i n  t h e i r  t r u t h  c o n d i t i o n s  g iven 
i n  (323) a long  w i t h  the t r u t h  c o n d i t i o n s  f o r  o the r  combinat ions o f  i n d i v i d u a l  
ana event- indexed s e t  v a r i a b l e s .  Constants and v a r i a b l e s  i n  c a p i t a l  l e t t e r s  
are f o r  se ts ,  and those i n  lower case are  f o r  i n d i v i d u a l s :  
(323) a. ' co -sponsor ( (C , i ) , (D , j ) ) '  i s  true,iff 
i . ( re1  a t  i onal s f ~ r u c t u r e )  C co-sponsor D 4  and 
(euent s t r u c t u r e )  i i .  i=j and C co-sponsor D a t  i ,  an$ 
i i i .  f o r  a l l  s e t s  X,Y, i f  X co-sponsor Y  a t  i ,  then XC,C and YC 
b. 'co-sponsor(c,\D, j))"  i s  t r u e  i f +  * 
i . t r e l a t  i ona l  s t r u c t u r e )  (cI co-sponsor D,  and 
73. Note t h a t  'L4ew s e n a t o r s < x ) l '  i s  a s t t n d a r d  q u a n t i f i e r  over i n d i v i d u a l s  
t h a t  does n o t  q u a n t i f y  over events a t  the same t ime.  
* (event s t r u c t u r e )  i i ,  (c )  co-sponsor D a t  j, and * i i i .  f o r  a l l  s e t s X , Y ,  i f  X co-sponsor Y a t  j ,  then YCD. 
c.  'co-sponsor((C,i>,d) '  i s  t r u e  i ff, 
i .  ( r e l a t i o n a l  s t r u c t u r e )  C co-spqnsor { d l ,  and 
(event  s t r u c t u r e )  i i ,  C co-sponsor Cd> a t  i ,  and * i i i .  f o r  a l l  s e t s  X,Y, i f  X co-sponsor Y a t  i ,  then XCC. 
* d .  "co-sponsor<c,d)" i s  t r u e  i f f  Ccl co-sponsor Cd) 74 
I n  the  c lauses l a b e l l e d  ' r e l a t i o n a l  s t r u c t u r e ' ,  the a b b r e v i a t i o n  
'co-sponsor*' s tands f o r  whatever non- log ica l  axioms s p e l l  ou t  what who d i d  
t o  whom.75 The r e l a t i o n  between s e t s  t h a t  they  d e f i n e  i s  the same as the one 
which was cons idered by i t s e l f  s u f f i c i e n t  i n  the o r i g i n a l  se t -denota t iue  
l o g i c  w i t h o u t  events. The o the r  c lauses i n  (323) accmodate the r e l a t i o n s h i p  
t o  events r e q u i r e d  by preced ing sec t i ons .  76 As (323b-dl show, a 
p red ica te ' s  deno ta t i on  o f  i n d i v i d u a l s  i s  n o t  r e s t r i c t e d  by the r e l a t i o n s h i p  
74. I n  the  a1 t e r n r t  i v e  o f  n. 71, we haue: 
(324) a. "co-sponsor(C,D,e)" i s  t r u e  i f f  * 
i . ( r e l a t i o n a l  s t r u c t u r e )  C co-spinsor  D, and 
(event  s t r u c t u r e )  i i .  C co-sponsor D a t  e, and * i i i .  f o r  a l l  s e t s  X,':, i f  X co-sponsor Y a t  e, then XCC and Y 
b. "co-sponsor(c,D,e)' i s  t r u e  i f f  * 
i .  ( r e l a t i o n a l  s t r u c t u r e )  ( c )  co-spgnsor D ,  and 
(event  s t r u c t u r e )  i i .  (c) co-sponsor D a t  e ,  and 
i i i . f o r  a1 1  s e t s  X,Y, i f  X  co-sponsor* ;l a t  e ,  then YCD. 
c. 'co-sponsor(C,d,e)' i s  t r u e  i f f  * 
i . ( r e l a t i o n a l  s t r u c t u r e )  C co-spgnsor Cd), and 
(event  s t r u c t u r e )  i i .  C co-sponsor { d l  a t  e ,  and 
* i i i .  f o r  a l l  s e t s  X,Y, i f  X co-sponsor Y a t  e,  then XCC. 
* d. 'co-sponsor(c,d,e)" i s  t r u e  i f f  (c)  co-sponsor Cdl a t  e. 
75. They would, f o r  example, r e q u i r e  t h a t  C sponsor D, and t h a t  a t  l e a s t  two 
i n d i v i d u a l s  a  and b were such t h a t  Ca,b) sponsor D .  
76. The p r e s e n t a t i o n  i n  (323) i s  no t  meant t o  suggest t h a t  the l e x i c a l  e n t r y  
. f o r  every p r e d i c a t e  must s t i p u l a t e  the event s t r u c t u r e  c lauses.  These 
c l a u r s s  are presented i n  (323) j u s t  t o  make the t r u t h  c o n d i t i o n s  e x p l i c i t ,  
t o  events r e s t r i c t i n g  the deno ta t i on  o f  se ts .  Any i n d i v i d u a l  can meet the 
c o n d i t i o n s  i n  (323b-dl, a l though h i s  event c o n t a i n s  o ther  p a r t i c i p a n t s  i n  t h e  
same r o l e ,  i n  c o n t r a s t  t o  what sec. 5.1 demonstt-sated i s  r e q u i r e d  o f  se ts ,  
A lso ,  q u a n t i f i e r s  t h a t  b i n d  i n d i v i d u a l  v a r i a b l e s  have t h e i r  s tandard  
i n t e r p r e t a t i o n s ;  they do no t  q u a n t i f y  s imul taneous ly  over euents. Thus, i t  
i s  p o s s i b l e  t o  express a p r o p e r t y  of i n d i v i d u a l s  t h a t  ho lds  across events.  
Again, t h i s  i s  i n  c o n t r a s t  t o  the  r e s t r i c t i o n  on p r o p e r t i e s  o f  s e t s  d iscussed 
i n  sec. 5.2. 
We c i t e  another example o f  the  need f o r  i n d i v i d u a l  v a r i a b l e s .  Sec. 4.4 
and 4.8 d i scuss  the  i n t e r p r e t a t i o n  o f  (204d) i n  a  p a r t i c u l a r  con tex t  i n  which 
a l l  the  c r i t i c s  are d i v i d e d  up among bor,K c lubs .  On d i f f e r e n t  days o f  the 
week, a  d i f f f e r e n t  c l u b  goes on an o u t i n g  a!. which the members who are 
present  buy books f o r  the  c l u b .  The events are the ou t ings .  
(204) d. Few c r i t i c s  bought th ree  good books 
(325) [Few c r i t i c s ( < X , i ) ) I t t h r e e  good books ( (Y , j ) ) l  c r i t i c ( < X , i > >  b o u q l ~ t  
good books (<Y, j ) j  
The event-dependent i n t e r p r e t a t i o n  o f  ( 2 0 4 4 ) ~ ~  i s t r u e  i n  t h i s  contex t  i f  
every o u t i n g  a t  which th ree books were bought i nvo lved  few c ~ i t i c s ,  and i t s  
non-event-dependent i n t e r p r e t a t  ion7* i s  t r u e  i f  such events i nvo lved  a1 1 
together  few c r i t i c s .  These i n t e r p r e t a t i o n s ,  l i k e  (321) ,  exemp:i fr  the 
depend~nce o f  a  q u a n t i f i e r  on an event- indexed s e t  v a r i a b l e .  I t  i s  p o s s i b l e  
t h a t  no one c r i t i c  was a  buyer o f  a  book, do ing  a l l  the l abo r  r e q u i r e d ,  a t  
any o f  the r e l e v a n t  events,  The c r i t i c s  may have been s 7 e c i a l i z e d  f i n d e r s ,  
77. ob ta ined  from !305a) a p p l i e d  t o  *[Few c r i t i c s ( ( X , i j ) I M  i n  (325) 
78. ob ta ined  f rom (30Sb) a p p l i e d  t o  "[Few c r i t i c s t ( X , i > ) l "  i n  (325) .  
appra isers ,  n e q o t i a t o r s ,  o r  f i nancers .  O f  course, (204d) a l s o  has an 
i n t e r p r e t a t i o n  q u i t e  apar t  f rom what can be ob ta ined  f rom c lauses (304)  and 
(305) .  The most f a m i l i a r  scope i n t e r a c t i o n s  r e q u i r e  an i n d i v i d u a l  v a r i a b l e :  
any c r i t i c  i s  among few i 3  he has bought th ree  good books: 
(326) [Few c r i t i c s ( x ) l t t h r e e  good b o o k s ( < Y , j ) ) l  c r i t i c ( x )  bought good books i<Y , j>  
o r  [Few c r i t i c s ( x ) l C t h r e e  good books(y1l  c r i t i c ( x 1  bought qood books(y) 
T h i s  i n t e r p r e t a t i o n  concerns what the i n d i v i d u a l  bought f o r  h imse l f  on h i s  
own. The denoted i n d i v i d u a l  f u l f i l l s  a l l  r o l e s  t h a t  severa l  i n d i v i d u a l s  can 
s p e c i a l i z e  i n .  T h i s  i s  t o  be expected f rom the schema f o r  denot inq  
i n d i v i d u a l s ,  o f  which (3231 i s  one ins tance and (327) another ,  f o r  whatever 
must done by the s e t  X accord ing t o  "X buy* Y" i s  the burden o f  the s i n g l e t o n  
Cc) i n  (327b) and (327d): 
(327) a. "buy(<C,i>,<D,j)) '  i s  t rue, i f f  
i . ( r e l a t i o n a l  s t r u c t u r e )  C buy D4 and 
(event  s t r u c t u r e )  i i .  i=j and C buy D a t  i ,  ang 
i i i. f o r  a l l  s e t s  X,Y, i f  X buy Y  a t  i ,  then XC_C and YCJ. 
b. "buy(c,<D,j))"  i s  t r u e  i f f  * 
i . ( r e l a t i o n a l  s t r u c t u r e )  C c i  buy D, and 
(event  s t r u c t u r e )  i i . Ccl buy D a t  j, and 
i i i .  f o r  a l l  s e t s  X,Y, i f  X buy* Y  a t  j, then YCD. 
c. "buyt(C, i>,d)"  i s  t r u e  i ff, 
i . ( r e l a t i o n a l  s t r u c t u r e )  $ buy { d l ,  and 
(event  s t r u c t u r e )  i i .  C buy ( d l  a t  i ,  and 
i i i .  f o r  a11 s e t s  X,Y, i f  X buy* Y  a t  i ,  then XCC. 
* d. 'Suytc,d)" i s  t r u e  i f f  { c l  buy ( d l  
The sys temat ic  r e l a t i o n s h i p  among the p r e d i c a t e s  w i t h i n  each o f  (323) and 
(327) c o u l d  be f o r m a l i z e d  i n  terms o f  p r e d i c a t e  f u n c t o r s  t h a t  operated on 
p r e d i c a t e s  denot ing  (event- indexed) s e t s  t o  y i e l d  p r e d i c a t e s  denot ins  
i n d i v i d u a l s .  I n s t e a d  o f  r e p r e s e n t i n g  th is , '  type o f  f u n c t o r  e x p l i c i t l y ,  we 
w i l l  j u s t  l e t  i t s  a p p l i c a t i o n  be recorded i n  the change o f  u a r i a b l e s .  For 
us, i t  i s  s u f f i c i e n t  t o  observe t h a t  i n  the i n t e r p r e t a t i o n s  rep resen ted -by  
(322) and (3261, the i n t e r a c t i o n  o f  the q u a n t i f i e r s  c a l l s  f o r  
i n d i u i d u a l - v a r i a b l e s  and q u a n t i f i e r s  over i n d i u i d u a l s ,  and the re fo re  some way 
f o r  the  p r e d i c a t e  t o  denote i n d i v i d u a l s ,  79  
We now consider  how q u a n t i f y i n g  over i n d i v i d u a l s  i n t e r a c t s  w i t h  q u a n t i f y i n g  
over s e t s  i n  the  new l o g i c  ( o r  i n  any se t -deno ta t i ve  l o q i c ) .  P l u r a l s  are 
always q u a n t i f i e r s  t h a t  b i n d  v a r i a b l e s  i n  po lyad ic  atomic p r e d i c a t e s .  In 
sane cases, the va lues  o+ v a r i a b l e s  are  (event- indexed) s e t s  and i n  o t h e r s ,  
the  va lues  are i n d i v i d u a l  ob jec ts .  
We f i r s t  observe t h a t  some i n t e r p r e t a t i o n s ,  i f  they are t o  be represented 
i n  the new l o g i c ,  w i l l  r e q u i r e  the re  t o  be atomic p r e d i c a t e s  t h a t  express 
r e l a t i o n s  between i n d i v i d u a l s  and teuent- indexed) se ts .  These p r e d i c a t e s  are 
o f  t he  form Vt..,,(X,i),...,y, ... ) ,  w i t h  a t  l e a s t  one p lace f o r  a v a r i a b l e  
over event- indexed s e t s  and one p lace f o r  a  v a r i a b l e  over i n d i v i d u a l  
o b j e c t s .  The i n t e r p r e t a t i o n s  t h a t  r e q u i r e  these p r e d i c a t e s  f a l l  i n t o  two 
cases. I n  the f i r s t  case, the  q u a n t i f i e r s  b i n d i n q  v a r i a b l e s  over i n d i v i d u a l  
o b j e c t s  inc lude w i t h i n  t h e i r  scope the q u a n t i f i e r s  t h a t  b i n d  v a r i a b l e s  over 
(euent-indexed) se ts ,  I n  the second case, a  q u a n t i f i e r  over i n d i v i d u a l  
o b j e c t s  does not i nc lude  w i t h i n  i t s  scope a t  l e a s t  one o f  the q u a n t i f i e r s  
79. C f .  Scha's (1981) s t a r  (*I  opera to r ,  a f u n c t o r  f rom p r e d i c a t e s  denot ins  
s e t s  t o  p r e d i c a t e s  deno t ing  s i n g l e t o n s ,  and (52)  i n  sec: 3.3. 
ouer (event- indexed) se ts .  Note t h a t  an i n t e r p r e t a t i o n  represented by a 
l s q i c a l  form t h a t  i s  the c l o s u r e  o f  (318) f a l l s  i n t o  the second case, 
An example o f  the f i r s t  case i s  the i n t e r p r e t a t i o n  o f  sentences (31)  and 
(328) t h a t  i s  represented i n  the event l o g i c  by t60c)  f rom chapter  3. 
(31) Three agents s o l d  twen ty - f i ve  b u i l d i n q s  t o  two inues to rs .  
(328) Three aqents each s o l d  twen ty - f i ve  b u i l d i n g s  t o  two inves to rs .  
"Three agents each s o l d  twenty-f  i v e  b u i l d i n q s  and s o l d  them t o  two inves to rsn  
I n  t h i s  i n t e r p r e t a t i o n ,  a sum o f  the p l u r a l s  " t w e n t y - f i v e  b u i l d i n g s u  and " two 
inues to rsa  descr ibes  what each agent d id .  I n  the new l o g i c ,  the sum of the 
p l u r a l s  r e q u i r e s  them t o  b i n d  event- indexed s e t - v a r i a b l e s ,  and they are 
i n t e r p r e t e d  accord iag t o  c lause (304a) on p .  164. 80 Since, t h i s  i s  t o  
express a  p r o p e r t y  o f  the i n d i v i d u a l  agents, " t h r e e  agents" has w idest  scope 
and b i n d s  a  v a r i a b l e  ouer i n d i v i d u a l s :  
( 3 2 9 )  [3x:agnt(x)1[25 b l d g s ( ( y , i > ) l t 2  i n u s t r s ( { z , j > ) 3  a g n t t x )  sold b l d g s ( { y , i ) )  
t o  i n v s t r s (  ( 2 ,  j i )  
Note t h a t  i n  ( 3 2 9 )  t h a t  atomic p r e d i c a t e  c o n t a i n s  bo th  types o f  v a r i a b l e ,  and 
the q u a n t i f i e r  over i n d i v i d u a l s  i nc ludes  w i t h i n  i t s  scope the q u a n t i f i e r s  
ouer s e t s ,  
80. A b e t t e r  example i s  ( i ) :  
( i )  Three gerrymanderers (each) tu rned  ten  neighborhoods i n t o  
e i g h t  e l e c t o r a l  d i s t r i c t s .  
I t s  t r u t h  i n  the f o l l o w i n g  s i t u a t i o n  shows p l a i n l y  t h a t  ' t en  neighborhoods" 
and " e i q h t  e l e c t o r a l  d i s t r i c t s "  must bo th  b i n d  s e t  v a r i a b l e s .  What each 
gerrymanderer has done i s  d i v i d e  each o f  h i s  ten  neighborhoods i n t o  e i g h t h s  
such t h a t  each o f  h i s  e i g h t  e l e c t o r a l  d i s t r i c t s  i s  made up o f  ten pa1.t~-- an 
e i g h t h  f rom each o f  the ten  d i s t r i c t s .  
The example i l l u s t r a t i n g  the second case of m i x i n g  i n d i v i d u a l  and se t  
v a r i a b l e s  r e q u i r e s  the scope t o  be reversed:  the p l u r a l  q u a n t i f i e r  over 
i n d i v i d u a l s  i s  i nc luded  w i t h i n  the  scope o f  a  q u a n t i f i e r  over se ts .  T h i s  i s  
r e q u i r e d  f o r  the  i n t e p r e t a t i o n  o f  (31)  and (3301 represented i n  event l o s i c  
by (60e) f rom chapter  3: 
(330) Three agents s o l d  twen ty - f i ve  b u i l d i n g s  t o  two i n v e s t o r s  each. 
t60)e.yp[Ee sel l (e) :L25(y,e> b l d g ( y ) I [ O F ( e , ~ )  to (e ,2  i n v s t r s ) l l  INFL(e, 3 agnts)  
'Three agents together  s o l d  twen ty - f i ve  b u i l d i n g s  each t o  two i n v e s t o r s u  
I n  t h i s  i n t e r p r e t a t i o n ,  there  i s  a  scope r e l a t i o n  between ' twen ty - f i ve  
b u i l d i n g s '  and 'two i n v e s t o r s " .  Twenty- f i ve  b u i l d i n g s  were each s o l d  t o  two 
inues to rs .  The p l u r a l  ' twen ty - f i ve  b u i l d i n g s u  must t h e r e f o r e  b i n d  a  v a r i a b l e  
over i n d i v i d u a l  o b j e c t s  and inc lude w i t h i n  i t s  scope 'two i n v e s t o r s u ,  which 
may b i n d  a  v a r i a b l e  o f  e i t h e r  type. Accord ing t o  t h i s  i n t e r p r e t a t i o n ,  the 
s t a t e  o f  a f f a i r s  i n  which twen ty - f i ve  b u i l d i n g s  were each s o l d  t o  two 
i n v e s t o r s  was brought  about by th ree  agents' s e l l i n g ;  bu t  the i n t e r p r e t a t i o n  
leaves open which agents were respons ib le  f o r  which sa les .  Reca l l  t h a t  i n  
event l o g i c ,  the  m a t r i x  l o g i c a l  form (doe) i s  t h a t  o f  a  sum o f  p l u r a l s :  some 
event o f  s e l l i n g ' s  s e l l e r s  are th ree  agents. The scope r e l a t i o n  between 
" t w e n t y - f i v e  b u i l d i n g s '  and " two inves to rs '  e labo ra tes  the d e s c r i p t i o n  o f  
t h a t  event o f  s e l l i n g .  I n  event l o g i c ,  one f i n d s  fo rmulas  w i t h  on ly  an event 
v a r i a b l e  f r e e ,  as i n  the r e s t r i c t i o n  on the event q u a n t i f i e r :  
(331>mmm[Ee sel l<e) :E25(y,e> bu i l d ing (y ) I [OF(e ,y )  to(e,2 i n v e s t o r s > l l . . .  
Note t h a t  (331) is an instance o f  " 6 ( e > "  i n  (3201, and ( 6 0 e )  i s  an instance 
o f  an i n t e r p r e t a t i o n  ob ta ined  f rom f a c t o r s  such as those i n  ( 3 1 7 ) .  
As we have seen, the se t -deno ta t i ve  coun te rpa r t  t o  the p r o p e r t y  o f  events 
i n  (331) i s  a  p r o p e r t y  o f  event- indexed s e t s  i n  the new l o g i c  or  a  r e l a t i o n  
on s e t s  and events i n  the a l t e r n a t i v e  o f  n. 71. I n  the new l o q i c ,  the 
p r o p e r t i e s  i n  (332) are t r u e  o f  a  s e t  o f  agents who are the s e l l e r s  i n  an 
event i n  which twen ty - f i ve  b u i l d i n g s  were each s o l d  t o  two inves to rs .  
(332) a, t25x:bldg(x)l~2y:invstr(~jl agntsC<Z, i>> s o l d  b l d g ( x j  t o  i n v s t r ( y >  
b. [25x:b ldq(x) lC2 i n v s t r s ( < Y , j > ) l  agn ts ( (Z , i> )  s o l d  b ldg (x )  t o  i n v s t r s ( < Y ,  
The fo rmulas  i n  (332) are ins tances o f  (318), and are  thus  among those t h a t  
w i l l  be found t o  r e s u l t  i n  unacceptable i n t e r p r e t a t i o n s .  Nevertheless, 
c i o s i n g  one o f  these fo rmulas  by " t h r e e  agents" and i n t e r p r e t i n q  i t  accord ing 
t o  (304a) i s  the o n l y  way t o  even approximate i n  the new l o q i c  the 
i n t e r p r e t a t i o n  i n  (60e): 
(333) a. 13 a g n t s ~ < Z , i > ) l 1 2 5 x : b l d q ~ ~ ~ l 1 2 ~ : i n v ~ t r ~ ~ ~ l  a g n t s { < Z , i ) >  s o l d  h ldg (  
t o  i n v s t r ( y )  
b. 13 agnts(<Z,  i> ) lC25x:b ldg(x)1 [2  i n v s t r s ( < Y , j > ) l '  agnts((Z, i  > )  s o l d  b l d g i r  
t o  i n v s t r s (  <'f,j):) 
Note t h a t  the two cases, ( 3 2 9 )  and (333), which s imply  reverse the scope 
between the q u a n t i f i e r  over i n d i v i d u a i s  and the q u a n t i f i e r  over event- indexed 
se ts ,  exemp l i f y  the  k i n d  o f  scope i n t e r a c t i o n  t h a t  i s  expected i f  one assumes 
t h a t  there  are atomic p r e d i c a t e s  w i t h  bo th  types o f  v a r i a b l e s  and q u a n t i f i e r s  
t h a t  b i n d  them. 
We w i l l  now show i n  sec. 6.2 t h a t  l o g i c a l  forms i n  the new l o g i c  t h a t  
c o n t a i n  p r o p e r t i e s  o f  event- indexed s e t s  as i n  (334) assign unacceptable 
i n t e r p r e t a t i o n s .  These are unacceptable i n t e r p r e t a t i o n s  t h a t  emerge from the 
i n t e r a c t i o n  o f  yus t  one event- indexed s e t  v a r i a b l e  and one v a r i a b l e  over 
i n d i b i d u a l  ob jec ts .  S i m i l a r  remarks would show the same t h i n g  f o r  (335) i n  
the a1 t e r n a t  i v e  o f  n. 71. 
T h i s  s e c t i o n  w i l l  a l s o  show how event l o q r c  avo ids  the unacceptable 
i n t e r p r e t a t i o n s ,  because i t s  coun te rpa r t  t n  (334) has the form i n  (336): 
(336) 0 t  tV(e) Q'<y,e>:N'(y) l  R(e ,y ) I  
We then show i n  sec. 6.3 t h a t  the i n t e r p r e t a t i o n  i n  (60e) i s  i n  f a c t  no t  
represented by the new l o g i c ' s  (3331. Again, s i m i l a r  remarks would serve t o  
make the  same p o i n t  about the a l t e r n a t i v e  i n  n. 71.  
Recal l  t h a t  we have assumed the  t r i ' t h  c o n d i t i o n s  o f  atomic p r e d i c a t e s  i n  
s e t  and i n d i v i d u a l  v a r i a b l e s  t o  confo:*m t o  a  schema i l l u s t r a t e d  by (323) and 
(327). I n  sec, 6.4, i t  w i l l  be shown t h a t  there  i s  no way out  f o r  the new 
l o g i c  ( o r  any se t -deno ta t i ve  l ~ g i c )  by  changing the schema f o r  atomic 
p r e d i c a t e s  o r  by changes i n  the c lauses (304)  and ( 3 0 5 ) ' i n t e r p r e t i n g  
q u a n t i f i e r s .  We w i l l  cons ider  here the p o s s i b i l i t y  mentioned i n  sec, 3.2,  
p. 50, t h a t  Davidsonian d e c m p o s i t i o n ,  a f f e c t i n g  what has been labelled 
' r e l a t i o n a l  s t r u c t u r e '  i n  (323) and (327>,  appl i e s  on1 y  t o  the l e x i c a l  
i n t e r p r e t a t i o n  o f  atomic p r e d i c a t e s ,  Such changes t h a t  would e l i m i n a t e  the 
unacceptable i n t e r p r e t a t i o n s  of s e c ,  6.2 and a l l o w  the i n t e r p r e t a t i o n  i n  
(doe) t o  be represented would make i t  impossib le t o  represent  the 
i n t e r p r e t a t i o n  i n  (doc) .  Reca l l  t h a t  (doc) i s  an example o f  the f i r s t  case 
o f  m i x i n g  s e t  u a r i a b l e s  w i t h  v a r i a b l e s  over i n d i v i d u a l  o b j e c t s ,  i r i  which the 
q u a n t i f i e r  over i n d i v i d u a l s  i nc ludes  w i t h i n  i t s  scope the q u a n t i f i e r s  over 
(event- indexed) se ts .  
The l i n e  o f  argument developed i n  the f o l l o w i n g  s e c t i o n s  proceeds from the 
assumption t h a t  t he  c losu re  o f  a  p r o p e r t y  o f  event- indexed s e t s  ((318);) is a 
well-+ormsd l o g i c a l  form. Perhaps, the re  i s  a  s y n t a c t i c  c o n s t r i i i n t ,  r u l i n q  
out  our second case o f  mixed u a r i a b l e s ,  t h a t  p r o h i b i t s  a  q u a n t i f i e r  owe? 
event- indaxed s e t s  i r o m  i n c l u d i n g  w i t h i n  i t s  scope a  q u a n t i f i e r  over 
i n d i v i d u a l  o b j e c t s .  I f  i t  e x i s t s ,  the l o g i c a l  forms i r ,  sec. 6 .2  t h a t  r e s u l t  
i n  unacceptable i n t e r p r e t a t i o n s  w i l l  s imp ly  be i l l - f o r m e d !  b u t ,  the r,ew l o g i c  
w i l l  then f r i l  t o  represent  even approx imate ly  the i n t e r p r e t a t i o n  i n  ( M e > ,  
s ince i t s  o n l y  p o s s i b l e  l o g i c a l  forms,(333), w i ' l l  a l s o  be i l l - f o r m e d .  
Aga ins t  a  new l o g i c  cons idered t o  have such a  s y n t a c t i c  c o n s t r a i n t ,  the 
e x ~ s t e n c s  o f  (doe) i s  thus  c r u c i a l  euiaence for- the syntax o f  event l o q i c ,  
We can then summarize t h i s  chapter  as fo l lows ' :  i f  se t -deno ta t i ve  syntax i s  
r e g u l a r ,  then i t  i n c o r r e c t l y  rep resen ts  tne i n t e p r e t a t i o n  i n  (60e) and i t  
ass igns  the unacceptable i n t e p r ~ t a t i o n s  d iscussed i n  sec, 6.2. I f  there  i s  
an ad & c o n s t r a i n t  w a i n s t  the l o g i c a l  forms o f  the second case, i n  which 
the q u a n t i f i e r  over ever t - indexed s e t s  has scope over the q u a n t i f i e r  aver 
i s d i v i d u a l  o b j e c t s ,  then thz i n t e r p r e t a t i o n  i n  (60e) i s  3ot  represented,  
a l though no unacceptable i n t e r p r e t a t i c n s  are assigned. We w i l l  see t h a t  
event i o g i c  succeeds i n  r e p r e s e n t i n g  the  i n t e r p r e t a t i o n  i n  (60e) w h i l e  
a v o i d i n g  the unacceptable i n t e r o r v t a t i o n s .  And we w i l l  sce t h a t  the c r u c i a l  
d i f f e r e n c e  aetween event ? o g i c  and se t -denota t ide  l q q i c  c o ~ c e r i ~ s  the 
wel l- formedness o f  fo rmulas  'Q8 i n  (3181, (319) and (320) t h a t  c o n t a i n  VV" 
bu: no t  the v a r i a b l e  ' X ' .  
6 , l . l  Excursus, 
Jim Hinr inboth  I p o i n t s  out  (p .c .1  t h a t  s y n t a c t i c  d i f f e r e n c e s  betwezn 
event l o g ~ c  and se t -deno ta t i c *  l o q i c  a l s o  have a  semantic e f f ~ c t  which i s  no t  
concerned w i t h  q u a n t i f ~ i r ~ g  over events,  I t  concerns the r e l a t i o n  between 
s e t s  and i n d i ~ i d u a l  o b j e c t s ,  
(337) Most o f  +he boys danced wi  t h  most o f  the g i r l  s. 
(338) * tEY:most g i r l s ( Y ) l I M o s t  x :boy (x ) l  boy(x)  danced w i t h  q i r l s ( Y )  
(3391 * CM:most boys(X)lTMost y : g i r l ( y ) l  boys(X) danced w i t h  q i r l ( y )  
C m e n t i n g  on McCawley's (1970) remark t h a t  (337) has o n l y  th ree 
i n t e r p r e t a t i o n s  ( two assignments o f  scope t o  q u a n t i f i e r s  over i n d i v d u a l s  and 
the sum o f  p l u r a l s ) ,  Hiqginbotham nstes  t h a t  (337) l a c k s  i n  p a r t i c u l a r  the 
i n t e r p r e t a t i o n s  represented by (338)  and (339).  The f i r s t  r e q u i r e s  t h a t  
t he re  i s  a  s e t  c o n t a i n i n g  most o f  the  g i r l s  such t h a t  most o f  the boys each 
danced w i t h  them. Al though i t  i s  p o s s i b l e  through a  standard assiqnment o f  
scope t o  d i s t r i b u t e  'most o f  the boys', d e s c r i b i n g  what each d i d ,  there  i s  no 
i n t e r p r e t h t i o n  o f  (337) t h a t  combines t h i s  assignment o f  scope w i t h  the 
requirement t h a t  they each danced w i t h  the ra-e, q i r l s .  We are then t o  
compare systems 04 q u a n t i f i c a t i o n  on t h i s  p o i n t :  t o  what ex ten t  any two 
q u a n t i f i e r s ,  IQNJll and IQ'N' I, i n  a  sentence can be i n t e r p r e t e d  so t h a t  
CON' l -manv i n d i u ~ d u a l  o b j e c t 8  are each r e q u i r e d  t o  be r e l a t e d  t o  the Same, 
se t bf CQJN'*1 . 
I n  a  system w i t h  n-ary q u a n t i f i c a t i o n  o r ,  f o r  example, the branch ing 
q u a n t i f i c a t i o n  o f  Barwise (19781, q u a n t i f i e r s  O F  bo th  types-- i nc reas ina  and 
non-increasing-- can be so i n t e r p r e t e d .  Thus, the i n t e r p r e t a t i o n s  
represented by (340b) and (341b1, equ iva len t  t o  ( 3 4 0 ~ )  and ( 3 4 1 ~ )  
r e s p e c t i u e l y ,  bo th  r e q u i r e  t h a t  the boys each danced w i t h  the same set  o f  t t ~ o  
g i r l s .  
(340)(non- increasing)  a. E x a c t l y  two boys danced w i t h  e x a c t l y  two q i r l s .  
b. C2!x:boy(x)l \ 
/ boy(x) danced w i t h  g i r l ( y )  t 2 ! y : g i r l ( ~ l l  
c.  CO(:2! boys(X) lCN:2 !  g i r l s < Y ) l  ( x l ( r 1  
( x t X  & Y ~ Y )  + boy(x)  danced w i t h  q i r l i y j  
& b o y t x l  danced w i t h  q i r l ( y )  + ixCX & YEYZ 
( 3 4 l ) ( i n c r e a s i n g )  a. Two boys danced w i t h  two g i r l s .  
b. C2x:boy(x)I , 
/ t o y ( x )  danced w i t h  q i r l ( y )  I 2 y : g i r l ( y ) l  
c. CEX:2 b o y s ( X ) l [ N : ?  g i r l s ( Y ) l  ( x ) ( y )  (xCX 8 y<Y) + boy(x, danced w i t h  q i r lCy : )  
I n  the  new l o g i c ,  which does n o t  have n-ary or  b ranch inq q u a n t i f i e r s ,  one can 
d e r i v e  an i n t e r p r e t a t i o n  tPat  r e q u i r e s  CW' I-many boys t o  each dance w i t h  
the =+ s e t  o f  [QJN' l - m r n y  g i r l r  or lr  i f  ~ Q ' N '  I i s  an i n c r e a r i n q  2 q u a n t i f  irr i n t e r p r e t r a  accord ing t o  (d04a) t o  have und iv ided  re ference t o  a 
denotatum. Thus the new l o g i c  w i l l  n o t  make the mis take c f  ass ign ing  the 
unacceptable i n t e r p r e t a t i o n  i n  (340) :  (3421, i n t e r p r e t i n s  " e x a c t l y  two s i r l s '  
as a non- increas ing q u a n t i f i e r  accord inq t o  (305b), says t h a t  two and no more 
than two g i r l s  are among s e t s  t h a t  were each danced w i t h  by e x a c t l y  two 
boys. I t  does n o t  r e q u i r e  t h a t  the sarne s e t  o f  e x a c t l y  two q i r l s  danced w i t h  
each o f  two boys. 
(342) 12! girls(<Y,j))l12!x:boy~x)l boy(x)  danced w i t h  q i r l s ( < Y , j j )  
(343) [Most g i r l s ( < Y ,  j )) ICMost x :boy(x) l  boy(x)  danced w i t h  q i r l s (  ( ' l ,  j ) j  
S i m i l a r l y ,  the new l o g i c  w i l l  no t  ass ign  (337) the i n t e r p r e t a t i o n  represented 
i n  (338) un less  the  q u a n t i f i e r  ' Imost g i r l s ( ( Y , j ) ) l u  i n  (343) i s  i n t e r p r e t e d  
accord ing t o  (304a) as an inc reas ing  q u a n t i f i e ? .  But ,  'mostD need not  be 
t r e a t e d  as an inc reas ing  q u a n t i f i e r :  some s e t  o f  most q i r l s  are dancers i f  
and o n l y  i f  the s e t  o f  a l l  g i r l s  t h a t  are dancers are most q i r l s .  A ve rs ion  
o f  the new l o g i c  t h a t  c l a s s i f i e s  "most' as o n l y  non- increasing,  w i t h o u t  l o s s  
t o  i t s  meaning, w i l l  r iot  ass ign  (337) the unacceptable i n t e r p r e t a t i o n  i n  
(338). 
We can be sure o n l y  o f  the new l o g i c ' s  (3441, f o r  sentences l i k e  (341) i n  
which 'two g i r l s a  may c l e a r l y  be i nc reas ing ,  t h a t  i t  r e q u i r e s  two boys t o  
have each danced wi t h  the same s e t  o i  two g i r l s .  
(344) 12 g i r l s ( < Y  , j ) ) l 1 2 x : b o y ~ x ) l  boy(x)  danced w i t h  g i r l s ( < Y , j ) )  
The event l o g i c  does no t  d e r i v e  ( a t  l e a s t  n o t  immediately, see below) any 
o f  t he  i n t e r p r e t a t i o n s  r e q u i r i n g  the boys t o  have each danced w i t h  the same 
s e t  o f  g i r l s .  But ,  as we have j u s t  seen, i t  d isagrees c l e a r l y  w i t h  the new 
l o g i c  ( o r  any se t -deno ta t i ve  l o q i c  w i t h o u t  n-ary q u a n t i f i e r s )  j u s t  i n  case an 
inc?eas ing q u a n t i f i e r  i s  i n v o l v e d -  Assuming one o f  the p l u r a l s  t o  be a  
(complex) q u a n t i + i e r  over i n d i v i d u a l s  as i n  (3451, the remain ing  p l u r a l  i f  i t  
i s  expor ted w i l l  a l s o  b i n d  an i n d i v i d u a l  v a r i a b l e ,  d e r i v i n g  the 
i n t e r p r e t a t i o n ,  represented by (3461, t h a t  ( e x a c t l y )  two q i r l s  were each 
danced w i t h  by ( e x a c t l y )  two boys. I t  does no t  r e q u i r e  the boys t o  be the 
same f o r  a l l  the  g i r l s .  
(345) [2 ( ! )<x ,e) :boy(x) l  INFLte,x> danced w i t h  ( e x a c t l y )  two g i r l s  
I f  the remain ing  p l u r a l  i n  (345) s t a y s  i n  p lace as p a r t  o f  a  p r e d i c a t e  on 
events, the  d e r i v e d  i n t e r p r e t a t i o n  represented by (347) i s  t h a t  (exac t l y5  two 
boys each danced w i t h  ( e x a c t l y )  two q i r l s :  
(347) C2c!)<x,e) :boy(x) l  1NFL(e,x) Cdanced(e1 w i t h ( e ,  ( e x a c t l y )  two q i r l s j l  
Since, ' ( e x a c t l y )  two g i r l s o  i s  w i t h i n  the scope o f  " ( e x a c t l y l  two boysu ,  i t  
i s  n o t  r e q u i r e d  t h a t  a l l  the boys dance w i t h  the sarne g i r l s .  The scope 
i n t e r a c t i o n s  i n  (344) o r  i n  (338) and ( 3 3 9 )  are n o t  p o s s i b l e  w i t h i n  event 
l o g i c  s imply  because an expor ted q u a n t ~ f i e r  never b i n d s  a  s e t - v a r i a b l e .  
For the  sentence (341) on which event l o g i c  and the new l o g i c  d isagree 
c l e a r l y ,  the i n t e r p r e t a t i o n  r e q u i r i n g  the  two boys t o  have each danced w i t h  
the same g i r l s  seems t o  me l e s s  unacceptable than the o ther  cases w i t h  
non- increas ing q u a n t i f i e r s .  When 'a c e r t a i n "  and " p a r t i c u l a r u  are added as 
i n  (348) t o  favo r  the r e f e r e n t i a l  i n t e r p r e t a t i o n  o f  the i n d e f i n i t e ,  t h a t  
i n t e r p r e t a t i o n  i s  s t i l l  more access ib le  a l though somewhat d i f f i c u l t .  
(348) a. Two p a r t i c u l a r  boys (each) danced w i t h  two p a r t i c u l a r  g i r l s  
b. Two boys (each) danced w i t h  a  c e r t a i n  two q i r l s  
Le t  us suppose t h a t  indeed the re  i s  an acceptable i n t e r p r e t a t i o n  o f  (348)  
t h a t  r e q u i r e s  two boys t o  have each danced w i t h  the same two g i r l s .  The 
event l o g i c  would have t o  assume, f o l l o w i n q  Fodor and Sag(1982), t h a t  " two 
p a r t i c u l a r  q i r l s '  i n  the r e p r e s e n t a t i o n  f o r  (348a) i n  (349) can be 
r e f e r e n t i a l  l i k e  a  proper name o r  demonstrat ive.  The i n t e r p r e t a t i o n  
represented would be the same as the one o f  (350) represented by (351 ) .  
(349) 12<x,e>:boy(x) l  CINFL(e,x) Cdance(e1 w i t h t e ,  two p a r t i c u l a r  g i r l s ) l l  
( 350 Two boys (each) danced w i t h  them, two g i r l s  
Fodor and Sag observe t h a t  i n  (69) and (70) 'a  s t u d e n t , , . " h a s  a  de d.~-ctg 
and a  wide-scope de re i n t e r p r e t a t i o n ;  b u t  i t  l a c k s  the glj. rg, i n t e r p r e t a t i o n  
where i t  accurr.  w i t h i n  the  scope o f  'each teacher" .  
(69) Each teacher ouerbeard thk rumor t h a t  a  s tudent  o f  mine had been c a l l e d  
be fo re  the  dean. 
(70) Each teacher t h i n k s  t h a t  f o r  a  s tudent  I know t o  be c a l l e d  before  the dean 
w o ~ l d  be preposterous.  
(71) (a)  (each teacher: x )  Cx overheard t 4 e  rumor t h a t  [ ( a  student  o f  mine: y j l  
Cy had been c a l l e d  be fo re  the dean311 
(b)  * (each teacher:  x)C(a s tudent  o f  mine: y)  I x  overheard the rumor t h a t  
t y  had been c a l l e d  be fo re  the d e a n l l l  
( c j  ( a  s tudent  o f  mine: y ) l ( e a c h  teacher:  x )  5 x  overheard the rumor t h a t  
Cy had been c a l l e d  be fo re  the  d e a n l l l  
N o t i n g  t h a t  complex NPs and s e n t e n t i a l  s u b j e c t s  are i n  @enera1 opaque domains 
f o r  q u a n t i f i e r  r a i s i n q ,  they arque t h a t  ' t h i s  miss inq- read inq observat ion  i s  
a  c l e a r  i n d i c a t i o n  t h a t  the ' ,s land-escaping' i n t e r p r e t a t i o n  o f  an i n d e f i n i t e  
t ( 7 l a ) l  i s  n o t  i n  f a c t  an ins tance o f  a  q u a n t i f i e r  t h a t  manaqes t o  escape the 
i s l a n d ,  bu t  i s  an ins tance 09 something ve ry  l i k e  a  propar name or  
demonstrat ive ' .  The assumption t h a t  i n d e f i n i t e s  can be r e f e r e n t i a l  
e l i m i n a t e s  the apparent except ion  t o  o p a c i t y  i n  (71a) and e x p l a i n s  the 
m i s s i n g  i n t e r p r e t a t i o n .  
Farkas (1981) r e j e c t s  the argument f o r  r e f e r e n t i a l  i n d e f i n i t e s ,  c i t i n q  the 
examples below i n  (17) where Fodor and Szg's m i s s i n g  i n t e r p r e t a t i o n  appears 
t o  be acceptable.  That is, (17a) has an i n t e r p r e t a t i o n  where "ssome law. . . "  
i s  no t  w i t h i n  the scope o f  ' t h ree  arqumants...' bu t  remains w i t h i n  the scope 
o f  "each Otuden tam (17b) has a  s i ~ i l a r  i n t e r p r e t a t i o n ,  Farkas rep resen ts  
these i n t e r p r e t a t i o n s  by o r d e r i n g  the  q u a n t i f i e r s  as i n  !18). 
(17) a. Each s tudent  has t o  come up w i t h  th ree arquments which show t h a t  some 
law i s  wronq. 
b. Everybody t o l d  severa l  s t o r i e s  t h a t  i nvo lved  some member o f  the Royal  
f a m i l y .  
(18) a. each some three 
b. each some severa l  
Farkas shows t h a t  complex NPs do n o t  i n  general exclude t h a t  i n t e r p r e t a t i o n  
where the embedded i n d e + i n i t e  i s  pi w i t h i n  the scope o f  the complex NP bu t  
i s  w i t h i n  the scope o f  the sub jec t .  One might  add t h a t  the m i s s i n q  
i n t e r p r e t a t i o n  o f  Fodor and SaqJs example ( 6 9 )  i s  found when tho complex NP 
i s  i t s e l f  dependent on the sub jec t  ( c f .  F ienqo and Higginbotham's (1981) 
s p e c i f i c i t y  c o n d i t i o n ) ,  Thus, (69') has the narrow scope dp r_q 
i n t e r p r e t a t i o n  i n  ( 7 1 J c ) r  
(69') Each s tudent i  overheard ( h i s .  rumor/ the rumor o f  h i s i )  t h a t  
a  student  had been c a l l e d  be$ore the dean. 
( 7 1 ' ~ )  (each teacher:  x ) f ( a  s tuden t :  y ) f x  overheard x's rumor t h a t  Y had been 
c a l l e d  be fo re  the dean11 
Never the less ,  I b e l i e v e  t h a t  the l i n e  o f  Fodor and Sag's arqument i s  shown t o  
be c o r r e c t  when f u r t h e r  examples are considered. Note t h a t  the i n d e f i n i t e s  
i n  (17a), ' t h ree  arguments' an; 'some law(sq . ) " ,  and those i n  (17b>,  " seve ra l  
s t o r i e s '  and "same member(sg.)' are such t h a t  t h c i r  o r d e r i n g  i n  (18)  w i t h  
respect  t o  each o the r  i s  e q u i v a l e n t  t o  t h e i r  sum, t h a t  is where n e i t h e r  
i n d e f i n i t e  i s  w i t h i n  the  scope o f  the o t h e r .  Consider i ns tead  (17 ' )  where 
there  i s  no equivalence between the  sum o f  p l u r a l s  i n t e r p r e t a t i o n  o f  the 
i n d e f i n i t e s  and e i t h e r  o f  t h e i r  scope i n t e r p r e t a t i o n s .  
(17')  Each s tudent  has t o  come up w i t h  th ree e,.guments which show t h a t  three 
1  aws are wronq. 
As i n  (171, there  i s  an i n t e r p r e t a t i o n  o f  ( 17 ' )  i n  which ' t h ree  lawsu i s  
w i t h i n  the scope o f  "each s tudent '  and no t  w i t h i n  the scope o f  " t h r e e  
arguments'; b u t ,  i n  t h i s  i n t e r p r e t a t i o n  n e i t h e r  i s  ' t h r e e  arguments" w i t h i n  
the scope o f  ' t h ree  lawsu.  I t  i s  equ iva len t  t o  ( i ) ,  where Y and 2 are 
v a r i a b l e s  over s e t s  and x ,  a  v a r i a b l e  over i n d i v i d u a l s :  
( i )  teach x:student(x>3tEZ:3 laws(Z)ICEY:B arquments(Y) show t h a t  2 are wronql 
x  has t o  come up w i t h  Y. 
Each student  has t o  come up w i t h  some three arquments, and they are t o  show 
t h a t  some three laws are wrong. I n  a d d i t i o n  t o  ( i ) ,  there  i s  an 
i n t e r p r e t a t i o n  o f  (17') where " t h r e e  lar is"  i s  a l s o  not  w i t h i n  the scope o f  
'each student ' .  According t o  t h i s  i n t e r p r e t a t i o n ,  equ iva len t  t o  ( i i ) ,  there 
are th ree p a r t i c u l a r  laws and each s tudent  has t o  come up w i t h  th ree 
arguments t $ a t  show they  are wronq. 
i i i )  fEZ:3 l aws(2 ) l t each  x : s t u d e n t ( x ) l l f l : 3  arguments(Y) show t h a t  2 a r e  wronql 
x  has t o  come up w i t h  Y .  
Note t h a t  the s tudent  i s  no t  s a i d  t o  come up w i t h  th ree arguments f o r  e.ajh. o f  
the laws. 
Besides the above two i n t e r p r e t a t i o n s ,  there  are no o t h e r s  f o r  (17'1 i n  
which ' t h ree  laws' i s  n o t  w i t h i n  the  scope o+ " t h r e e  arquments", Thus, 
corresponding t o  (181, ( i i i )  i s  unacceptable.  I t  has " t h r e e  laws' as a  
q u a n t i f i e r  over i n d i v i d u a l s  i n c l u d i n g  w i t h i n  i t s  scope " t h r e e  arquments': 
( i i i )  * teach x:rtudent(x)l~3z:law~z)313y:argument(y) which shows t h a t  z i s  wronq 
x  has t o  come up w i t h  Y .  
T h i s  i n t e r p r e t a t i o n  would say t h a t  each s tudent  i s  t o  have th ree laws f o r  
each o f  which he has t o  come up w i t h  th ree arguments showing i t  i s  wrong. 
The complex NP i s  n o t  t ransparent  t o  the q u a n t i f i e r  r a i s i n g  i n  ( i i i ) .  
Another example showing the same o p a c i t y  i s  (17") :  
(17") Sane r+udent  has t o  came up w i t h  some arguments which shows t h a t  three la1 
are wrong 
t i v )  * ~3z:law(z)ltEx:student~x)3[Ey:argument(y shows t h a t  z i s  wrong1 
x  has t o  cwne up w i t h  Y .  
* t3z:law(z)lCEx:student~x)l1M:ar~uments(Y show t h a t  z i s  wronql 
x  has t o  come up w i t h  Y .  
( v )  tEx :s tudent (x ) l tEZ:3  l a w s ~ 2 ) l t E Y : a r g u m e n t s O  show t h a t  2 i s  wrongl 
x  has t o  come up w i t h  Y .  
( v i )  Some s tudent  has t o  came up w i t h  some arguments which each show t h a t  
th ree laws are  wrong. 
CEx:student(x) l13y: 1EZ:3 l a w s ( Z > l  argument(y j  shows t h a t  Z are wrongl 
x has t o  come up w i t h  Y 
No i n t e r p r e t a t i o n  o f  (17") says, as i n  ( i v ) ,  t h a t  f o r  each o f  th ree laws, 
there  i s  some s tudent  who has t o  come up w i t h  th ree arguments which shard t h a t  
i t  i s  wrong. There i s  a  s p e c i f i c  i n t e r p r e t a t i o n  f o r  " t h r e e  laws', d i s t i n c t  
f rom i t s  i n t e r p r e t a t i o n  i n  ( v i )  w i t h i n  the scope o f  "some arguments"; b u t ,  i t  
i s  an i n t e r p r e t a t i o n  equ iva len t  t o  (u), which r e q u i r e s  there  t o  be some 
s tudent ,  t h ree  laws, and some arguments which show t h a t  they a r e  wrong. 
The data  i n  ( i j - ( v i )  r e c o n s t i t u t e  Fodor and Sag's paradiqn.  The argument 
f o r  r e f e r e n t i a l  i n d e f i n i t e s  i s  the same. The complex NPs i n  (17'5 and (17")  
are opaque domains f o r  q u a n t i f i e r  r a i s i n g ,  account ing  f o r  the u n a c c e p t a b i l i t y  
o f  ( i i i )  and ( i v ) ,  The a l t e r n a t i o n  between r e f e r e n t l a 1  and n o n - r e f e r e n t i a l  
" t h r e e  lawsu i n  (352) t c f .  (349) and (351) accounts f o r  the i n t e r p r e t a t i o n s  
o f  (17') i n  ( i )  and ( i i ) :  
(352) [Each<x,e) :s tudent (x ) I  I INFL(e,x) [has  t o  come(ej up w i t h ( e ,  
NP 13 argnntsi:INFL(e, wh ich i )  tshowte) t h a t  INFL(e, 3 laws) Care w r o n ~ t e ~ l l l ) l l  
What remains a  problem f o r  Fodor and Saq's v i e w ,  a problem f o r  any view 
t h a t  f a i l s  t o  i d e n t i f y  the s p e c i f i c  re fe rence  o f  an i n d e f i n i t e  w i t h  i t s  
hav ing wide scope, i s  the l o s s  o f  May's (1977) c o n d i t i o n  on unbound v a r i a b l e s  
t o  e x p l a i n  i t s  e f f e c t  on (17'1, f o r  example. I n  l i i > ,  the embedded 
i n d e f i n i t e  r e c e i v e s  a  s p e c i f i c  i r , t e r p r e t a t i o n  w h i l e  the i n d e f i n i t e  complex NP 
remains dependent on the sub jec t  'each s tuden tn .  The i n d e f i n i t e s  cannot 
reverse r o l e s ,  so t h a t  the i n d e f i n i t e  complex NP i s  ~ p e c i f i c  w h i l e  the 
embedded one remains dependent on the s u b j e c t .  As i s  c l e a r  i n  ( v i i ) ,  the 
v a r i a b l e  Z i s  unbound, v i o l  a t  i n g  May's condi t ion .  
( v i  i * tM:3 arguments(Y1 show t h a t  Z are wronqlCeaeh x:student(x) lCE2:3 1 aws(2:  
x has t o  cane up ui t h  Y. 
Wi th  the d i f f i c u l t y  j u s t  noted, the da ta  i n  ( i ) - ( v i )  i s  independent 
evidence f o r  i n d e f i n i t e s  as r e f e r e n t i a l  expressions,  which, as we have seen, 
event l o g i c  must assume i f  (349) i s  t o  represent  the i n t e r p r e t a t i o n  t h a t  two 
boys each danced w i t h  the  same t w ~  g i r l s .  To the ex ten t  t h i s  i n t e r p r e t a t i o n  
i s  unacceptable, event l o g i c  would o f  course no t  be committed t o  t h i s  
assumption. I n  the new l o g i c ,  such i n t e r p r e t a t i o n s  are a  d i r e c t  consequence 
o f  i t s  q u a n t i f i c a t i o n a l  apparatus, the assignment o f  scope t o  q u a n t i f i e r s  
over se ts .  They are  expected t o  be s y s t e m a t i c a l l y  acceptable f o r  i nc reas ing  
q u a n t i f i e r s .  To the ex ten t  t h a t  such an i n t e r p r e t a t i o n  i s  marg ina l  f o r  
sentences l i k e  (3411, we have an argument, a l b e i t  weak, aga ins t  the new 
l o g i c .  But ,  the p o i n t s  on which thu new l o g i c  and event l o g i c  d i f f e r  are i n  
t h i s  case r a t h e r  f e w .  
The examples i n  t h i s  s e c t i o n  are f rom event-dependent an@ 
non-event-dependent q u a n t i f i c a t i o n .  I n  the event l o g i c ' s  event-dependent 
i n t e r p r e t a t i o n s ,  "84(e jw i n  (336) w i l l  appear as the r e s t r i c t i o n  Qn a  
un ivers3. l  quant f  i e r  over events:  
(353) [Ae V(e) :  IQ '<y ,e ) :N ' ( y ) l  R ( e , y ) l  INFL(e, [Q N'l) 
These i n t e r p r e t a t i o n s  say t h a t  any event i n  which [Q' N'l-many i n d i v i d u a l s  
are each V'ed i s  such t h a t  i t s  INFL-ers are [ G  N ' l .  We have assumed t h a t  a  
non-event-dependent q u a n t i f i c a t i o n  t h a t  inc luded " O ( e 1 "  i n  (336:) would have 
the form i n  (3545: 
( 6 4 ) ~ .  (non-event-dependent q u a n t i f i c a t i o n )  
IQ{x,e) NJ (x ) l (R (e ,x ) ;  # ( e ) ) < * > "  i s  t r u e  i n  C i f f  Q N'-many (and o n l y  Q N P 
NJmany)  i n d i v i d u a l s  2 are such t h a t  thore  i s  some event E i n  C and some 
i n d i v i d u a l s  A among which i s  a and ' R ( A ,  E ) '  i s  t r u e  i n  C and " + ( E ) * "  i s  
t r u e  i n  C ,  
When (354) i s  i n te i -p re ted  accord ing t o  ( 6 4 ~ )  f rom sec. 3.1., p. 43, the 
d e r i v e d  i n t e r p r e t a t i o n  says t h a t  C Q  N'l-many i n d i v i d u a l s  are INFL-ers i n  
?ven ts  i n  which CQ'NJl-many i n d i v i d u a l s  are each U'ed. I t  w i l l  be shown t h a t  
these i n t e r p p e t a t i o n s  are t o  be t r e a t e d  by q u a n t i f y i n g  over i n d i v i d u a l  events 
t h a t  4(e) r a t h e r  than by the  new l s g i c ' s  q u a n t i f y i n q  over event- indexed s e t s  
t h a t  4 (<X , i ) ) .  As remarked e a r l i e r ,  these i n t e r p r e t a t i o n s  are obta ined i n  
the  new l o g i c  f rom a l o g i c a l  form which i s  the c losu re  o f  (334) by a  
q u a n t i f i e r  t h a t  i s  i n t e r p r e t e d  accord ing t o  one o f  the c lauses i n  (305) < p .  
(305)a. (event-dependent) " L O  N ' l  @ ( x ) " I s  t r u e  i f f  
every event- indexed s e t  ( c , i )  i s  such t h a t  i f  m $ ( < c , i > ) "  i s  t r u e  c i s  [Q N'l-mar, 
b. (nofi-event-dependent) " C Q  N ' l  @ ( x ) "  i s  t r u e  i f f  the union o f  
a l l  s e t s  c  such t h a t  f o r  some event i ' @ t ( c , i > ) "  i s  t r u e  i s  IQ N'l-many. 
According t o  the new l o g i c ,  the event-dependent i n t e r p r e t a t i o n  o f  (3552 says  
t h a t  any s e t  and any event iri which CQ' N'l-many i n d i v i d u a l s  are each V'ed by 
t h a t  se t  i s  such t h a t  t h a t  s e t  i s  C Q  N ' l .  The non-event-dependent 
i n t e r p r e t a t i o n  o f  (355) t h a t  i s  ob ta ined  from (304b) says t h a t  the un ion o f  
a l l  the s e t s  t h a t  have an event i n  which i t  Us each o f  tQ '  N'I-many 
i n d i v i d u a l s  i s  I 0  N ' l ,  We w i l l  see t h a t  the q u a n t i f i c a t i o n  over s e t s  and 
events r e s u l t s  i n  unacceptable i n t e r p r e t a 2 i o n s .  Thus, t h i s  s e c t i o n  w i l l  show 
t h a t  the p a r t i c u l a r  i n t e r p r e t a t i o n s  which have been c a l l e d  euent-dependent 
and non-event-dependent q u a n t i f i c a t i o n  have the s t r u c t u r e  a t t r i b u t e d  t o  them 
i n  event l o g i c .  They r e a l l y  do q u a n t i f y  over i n d i v i d u a l  events and not  over 
(event- indexed) se ts .  
As i n  e a r l i e r  sec t i ons ,  the argument concerns the  i n t e r p r e t a t i o n s  o f  
sentences (356) and (357) i n  p a r t i c u l a r  c o n t e x t s  bo th  o f  which are 
represented by (358).  
(356) No more than th ree senators  (ever )  spoke i n  favo r  o f  e x a c t l y  three amendmer 
(357) No more than th ree b i l l i a r d  b a l l s  ( e v e r )  bounced o f f  e x a c t l y  th ree s ides  
o f  the pool  t a b l e .  
(3591 No more than th ree  senators  (ever )  spoke i n  fauor  o f  e x a c t l y  one amendment, 
(360) No more than th ree b i l l i a r d  b a l l s  (eve r )  bounced o f f  
e x a c t l y  one s i d e  3 f  the pool  t a b l e .  
The events i n  the con tex t  f o r  (356) are f i v e  s e n a t o r i a l  sessions a t  which 
senators  are i n v i t e d  t o  speak i n  f a v o r  o f  pe t  amendments, M;ny senators  have 
been speaking i n  f a v o r  o f  f o u r  d i s t i n c t  amendments, d l ,  d2, d3 and d 4 .  5 ,  b 
and g are th ree  d i s t i n c t  senators,  and apar t  frm these, there  are s i x  o ther  
senators,  numbered 1 through 6. (358) c o n t a i n s  n ine  d i s t i n c t  senators .  The 
f i u e  b locks  represent  i n  swn, d e t a i l  who spoke i n  favo r  o f  which o f  the th ree 
amendments a t  each session.  Senators a, b anc c spok* i n  i a v o r  o f  a l l  three 
a t  each o f  the f i r s t  th ree sessions.  When they had the f l o o r ,  they took care 
t o  reccommend them a l l .  1.n the f i r s t  sess ion,  senators  1 through 4 a l s o  
spoke i n  favo r  o f  the f i r s t  amendment, senators  1, 2, 5 ,  and 6 i n  favor  o f  
the second amendments, and senators  3, 4, 5  and 6 i n  f avo r  o f  the t h i r d  
amendment. What happened i n  the f o l l o w i n q  sess ions  i s  s i m i l a r l y  s p e l l e d  out  
by the next  f o u r  b locks  i n  ( 3 5 8 ) .  
The sentence i n  ( 3 5 7 )  i s  about the behavior  o f  b i l l i a r d  b a l l s  on a  pool 
t a b l e  i n  a sequence o f  breaks.  A break i s  when f i f t e e n  b a l l s  i n  a  c lose  
t r i a n g u l a r  fo rma t ion  are s c a t t e r e d  by the sudden impact o f  a  s i x t e e n t h  b a l l .  
The events i n  the con tex t  f o r  ( 3 5 7 )  are f i v e  breaks on a  p a r t i c u l a r  pool 
t ab le .  As a  r e s u l  t o f  the sudden impact, many o f  the b i  1 1  i x d  b a l l  s  bounce 
o f f  th ree p a r t i c u l a r  s i d e s  o f  the t a b l e .  a, b and c, are th ree d i s t i n c t  
b a l l s ,  and apar t  f rom these, there  are s i x  o the r  b a l l s ,  nun,bered 1 throuqh 6. 
( 3 5 8 )  c o n t a i n s  n ine  d i s t i n c t  b i  11 i a r d  ba l  l s e 8 1  The f iue b locks  represent  
what bounced o f f  which o f  the f o u r  s i d e s  a t  each break.  The b a l l s  a, b  and c  
bounced o f f  a l l  t h ree  s i d e s  dl, d2 and dg i n  each o f  the f i r s t  th ree breaks. 
I n  the f i r s t  break, b a l l s  1  through 4 a l s o  bounced o f f  the f i r s t  s i d e ,  What 
e l s e  happened i n  t h i s  and f o l l o w i n g  breaks i s  s i m i l a r l y  s p e l l e d  out  by the 
b l c c k s  i n  ( 3 5 8 ) .  
Now i n  t h i s  con tex t ,  any acceptable i n t e r p r e t a t i o n  o f  (356) or  o f  (357) i s  
f a l s e .  I n  c o n t r a s t  t o  the f a l s i t y  o f  these sentences, any acceptable 
i n t e r p r e t a t i o n  o f  ( 3 5 9 )  o r  o f  ( 3 6 0 )  i s  t r u e  i n  the con tex t  o f  ( 3 5 8 ) .  
We f i r s t  consider  (356) and ( 3 5 7 ) .  Note t h a t  each o f  the f i r s t  f o u r  
sessions i s  an event o f  speaking i n  f a v o r  o f  e x a c t l y  th ree amendments; b u t ,  
81. Seven o f  the s i x t e e n  b a l l s  i n  a break are unaccounted f o r .  Assume they 
f a l l  i n t o  pockets w i t h o u t  bouncing o f f  any s ides .  
they each invo lve  more than th ree senators .  The f i r s t  three sessions each 
invo lve  n ine  senators ,  and the f o u r t h  i n v o l v e s  s i x .  S i m i l a r l y ,  each o f  the 
f i r s t  f o u r  breaks i s  an event o f  bouncing o f f  e x a c t l y  th ree s ides ,  each 
i n v o l v i n g  more than th ree b i l l i a r d  b a l l s .  Thus, the event-dependent 
i n t e r p r e t a t i o n s  (361) and (342) and the non-euent-dependent i n t e r p r e t a t i o n s  
(363) and (364) t h a t  add up the p a r t i c i p a n t s  i n  a l l  such events are f a l s e .  
(361) CAe: speak(e) i n  f a v o r  o f  3!  amendments1 INFLte, (3 senators)  
(362) CAe: bounce(e1 o f f  3!  s i d e s l  INFLte, no more than 3  b a l l s )  
(343) C(3 senators(x) lCEe:  speakte) i n  f a v o r  o f  3 !  amendments] xce 82 
(344) Cno more than 3  b a l l s < x > l t E e :  bounce(e) o f f  3 !  s i d e s l  xee  83 
A l s o  f a l s e  are those i n t e r p r e t a t i o n s  t h a t  r e q u i r e  i n d i v i d u a l  v a r i a b l e s  ( v .  
(322) and (326);  
(367)a. C(3 ~ n t r s ( x ) l t 3 !  amndmnts(y)lEe s n t r t x i  spoke(e> i n  favo r  o f  amndmnts(yj 
82. We use (363) t o  s tand  f o r  the i n t e r p r e t a t i o n  d e r i v e d  i n  event l o g i c  from 
( i )  by i n t e r p r e t i n g  the f i r s t  q u a n t i f i e r  accord ing t o  ( 6 4 ~ ) :  
( i )  ~ (3<x ,e ) : sena to r (x ) l  tINFL(e,x) hspeakte j  i n  favo r  o f ( e ,  3!  arnendmentsjl! 
I n t e r p r e t a t i o n s  d e r i v e d  from ( 6 4 ~ )  w i l l  i n  o the r  examples be t r e a t e d  
s i m i l a r l y .  
83. I n  the  l o g i c  o f  c lauses (304) and (3051, the i n t e r p r e t a t i o n s  
correspondinq t o  {361), (3621, (343) and (364) are obta ined from an atomic 
p r e d i c a t e  between event- indexed se ts .  No i n d i v i d u a l  v a r i a b l e s  are r e q u i r e d .  
For bo th  types o f  i n t e r p r e t a t i o n s ,  the q u a n t i f i e r s  are i n t e r p r e t e d  i n  the 
order  shown i n  (365) and (366): 
(365) C(3 snt rs ( (X,  i ) ) lC3 !  amnd~nnt5((Y, j)) l  s n t r s ( ( X ,  i ) >  spoke 
i n  favo r  o f  arr~ndmn t s( { Y  , J i 1) 
(366) C<3 b a l l s ( ( X , i ) ) l C 3 !  s i d e s ( ( Y , j ) ) l  b a l l s t { X , i ) )  bounce o f f  s i d e s i < Y , j ) )  
(361) and (362) are d e r i v e d  by i n t e r p r e t i n g  the f i r s t  q u a n t i f i e r  accord inq t o  
(305a1, and (363) and (364) by i n t e r p r e t i n q  the f i r s t  q u a n t i f i e r  accord inq t o  
(305b) (u. (321) and (325) ) .  
b,  t(3 sn t rs (x ) lEeC3!  amndmntsty)l s n t r ( x )  spoKe(e1 i n  fauor o f  amndmntsiy) 8 4 
(368)a. t(3 ba l  l s ( x ) 1 [ 3 !  s ides(y j1Ee b a l l  ( x )  bounce(ei o f f  s ides(y1 
b t(3 b a l l s ( x ) l E e t 3 !  s i d e s ( y ) l  b a l l ( x )  bounce(e) o f f  s ides (y )  
(369)a. t 3 !  amndmnts(y) I t i3  sn t r s (x j3Ee  s n t r s ( x )  spoke(e) i n  favo r  o f  amndmnt(y 
b ,  t 3 !  amndmnts(y)lEet(3 s n t r s ( x ) i  s n t r s ( x 1  spoKe(ej i n  favo r  o f  amndmnt(y) 
(370)a. t 3 !  s ides(y)1113 b a l l s ( x ) l E e  b a l l s ( x )  bounced(e1 o f f  s i d e ( y )  
b. t 3 !  oides(y)lEeC(3 b a l l s ( x ) l  b a l l s ( x )  bounced(e1 o f f  s i d e ( y )  
Note t h a t  every one o f  the n i n e  senators  except number 1 has i n  the course o f  
these f i v e  sessions spoken i n  favo r  o f  e x a c t l y  th ree  amendments. Senator 1 
has spoken i n  favo r  o f  f o u r  amendmnts, Those e i g h t  senators  thus  f a l s i f y  
the i n t e p r e t a t i o n  represented by i367a) .  The i n t e r p r e t a t i o n  i n  (367b) i s  
ahout what the i n d i v i d u a l  senat07 has done w i t h i n  some euent.  Note t h a t  
senators  a, b and c have each spoken w i t h i n  a s i n q l e  session i n  fauor o f  
e x a c t l y  th ree amendments, and 50 has Senator 1 ,  i n  the f o u r t h  session.  Thus, 
(367b) i s  f a l s i f i e d  by these f o u r  senators.  
S i m i l a r l y ,  every b i l l i a r d  b a l l  except number 1 has i n  the course o f  the 
f i v e  breaks bounced o f f  e x a c t l y  th ree  s ides .  The e i q h t  b a l l s  t h a t  have done 
so f a l s i f y  the i n t e r p r e t a t i o n  i n  (368a). (368b) i s  a l s o  f a l s i f i e d .  B a l l s  a, 
b and c and B a l l  1 have each w i t h i n  a s i n g l e  break bounced o f f  th ree s ides .  
These f o u r  b a l l s  thus  f a l s i f y  (368b). 
84. We use ( 3 6 7 ~ )  and (367b) t o  s tand f o r  the i n t e r p r e t a t i o n s  d e r i v e d  
r e s p e c t i v e l y  frm (64a) and (64b) (p.43) when these c lauses are a p p l i e d  t o  
the f i r s t  q u a n t i f i e r  i n  ( i ) :  
i i )  t /3<x ,e ) i sena to r (x ) l  t INFL(e,x) tspeakte)  i n  favo r  o f i e ,  3 !  amendmentsil l  
I n t e r p r e t a t i o n s  d e r i v e d  f rom (64a) and (64b) w i l l  i n  o ther  examples be 
t r e a t e d  s i m i l a r l y .  
The i n t e r p r e t a t i o n s  i n  (369) and (370) where the o b j e c t  q u a n t i f i e r  has wide 
scope and b i n d s  an i n d i v i d u a l  v a r i a b l e  are a l s o  f a l s e .  Even w i t h i n  a s i n q l e  
session, o n l y  amenchrni tqi i n  the l a s t  session., was spoken i n  favo r  o f  by no 
more than th ree senators ,  So, there  are n o t  th ree amendments t h a t  no t  more 
than th ree senators  ever spoke i n  fauor  o f .  S i m i l a r l y ,  there  are no t  three 
s i d e s  t h a t  no more than th ree  b a l l s  ever bounced o f f  o f .  8 5  
I n  c o n t r a s t  t o  (356) and (3571, the  acceptable i n t e r p r e t a t i o n s  o f  (359) and 
85, I t  seems t h a t  the analoque t o  (363) w i t h  i n v e r t e d  scope i s  unacceptable, 
Cln t h i s  no te ,  o n l y  the  i n t e r p r e t a t i o n s  o f  (3562 w i l l  be c i t e d ,  S i m i l a r  
remarks h o l d  o f  (357)J: 
(371): 
C3! arnendments(y)l[Ee: (3 senators  speak(e1 i n  fauor  o f  amendments3 yEe 
T h i s  i n t e r p r e t a t i o n  concerns events o f  speak,ing by no more than three 
senators,  I t  i s  i n  any case f a l s e  i n  (358): none o f  the sessions i s  an event 
f i t t i n g  the d e s c r i p t i o n ,  and t h e r e f o r e  there  are n o t  th ree amendments i n  such 
euents. 
The analoque t o  (361) exchanging the p o s i t i o n s  o f  the NP q u a n t i f i e r s  i s  a l s o  
unaccep tab1 e : 
(372) : 
CAe: A3 senators  speak(e) i n  fauor o f  amendmentslC3! amendments(yj1 yEe 
Accord ing t o  (3721, any event o f  speaking by no more than th ree senators  
i n v o l v e s  e x a c t l y  th ree amendments. T h i s  i n t e r p r e t a t i o n  i s  i n  any case 
f a l s i f i e d  i n  (358) by the l a s t ' s e s s i o n ,  which i nvo lves  no more than three 
senators  and does n o t  c o n t a i n  e x a c t l y  th ree  amendments. 
The sub jec t -ob jec t  a s m e t r y  ev iden t  i n  the c o n t r a s t s  between (363) and (371)  
and between (361) and (372) i s  taken up i n  Schein ( i n  p roq ress ) ,  
We should a l s o  note  t h a t  o the r  i n t e r p r e t a t i o n s  o f  (3561, marg ina l  or  
unacceptable on account of the decreasing sub jec t  q u a n t i f i e r ,  are a l s o  f a l s e  
i n  (3581, Thus, the sum o f  p l u r a l s  i n t e r p r e t a t i o n  which r e q u i r e s  t h a t  no 
more than th ree senators  spoke i n  favo r  o f  amendments and e x a c t l y  th ree 
amendments were spoken i n  fauor  o f  by senators  i s  f a l s i f i e d  by the n ine  
senators  speaking i n  favo r  o f  amendments, Since, these n ine  spoke i n  fauor 
o f  amendments a t  each o f  the f i r s t  t h ree  sessions,  the i n t e r p r e t a t i o n  w i t h  an 
u n r e s t r i c t e d  u n i v e r s a l  q u a n t i f i e r  over events,  r e q u i r i n g  each event t o  
s a t s i f y  the sum o f  p l u r a l s  i n t e r p r e t a t i o n ,  i s  a l s o  f a l s e .  See sec. 5 .1 .1.  
C360) a r e  t r u e  i n  t h e  c o n t e x t  of (3581. Only t h e  l a s t  block of (358) 
r e p r e s e n t s  an even t  of s ~ e a K i n q ,  i n  f a u o r  of e x a c t l y  one amendment o r  an even t  
of bouncing o+f  e x a c t l y  one s i d e .  S i n c e ,  t h e  o n l y  r e l e v a n t  even t  i n v o l v e s  
just one s e n a t o r  o r  one b i  11 i a r d  b a l l  , t h e  event-dependent  and 
non-euent-dependent i n t e r p r e t a t  i o n s  of (359)  and i 3 6 0 >  a r e  a1 1  t r u e :  
(373)  Me: s p e a k i e )  in f a v o r  of l !  amendments] INFLCe, L3 s e n a t o r s )  
(3741 M e :  baunce(e> o f f  I !  s i d e s 3  INFL(e, <3 b a l l s )  
(375)  f ( 3  s e n a t o r s ( x ) l C E e :  spealcie)  in f a v o r  of I !  amendments] x t e  
(376) t n o  more than 3 b a l l s ( x : ~ l t E e :  bounce(e)  o f f  1! s i d e s 1  x e e  
Also  t r u e  a r e  t h e  i n t e r p r e t a t i o n s  t h a t  r e q u i r e  i n d i v i d u a l  v a r i a b l e s :  
1377)a .  t i 3  s n t r s ( x ) l l l !  amndmnts(yj3Ee s n t r i x j  s p o k e i e j  i n  f a u o r  of amndmntsty) 
b. l(3 s n t r s ( x ) l E e t l !  amndmnts(yj3 s n t r l x )  spolte(e:) i n  f a v o r  o f  arnndmnts(y:j 
( 3 7 8 ) a ,  113 bal l s ( x > l C l !  s i d c s ( y ) l E e  b a l l  i x )  Sounce(e>  o f f  s ides fy : )  
b, CL3 bal l s < x ) 3 E e I l !  s i d e s ( y ) 3  b a l l  ( X I  bounce ie )  o f f  s i d e s f y )  
( 3 7 9 i a .  t i !  m n d m n t s i y ) l f _ ( _ 3  s n t r s ( x j 3 E e  s n f r s ( x 1  s p o k e ( e i  in fauor  of amndrnntcy:) 
b. Ci! amndmntsiyjlEeC.F3 s n t r s ( x : j l  s n t r s f x j  s p o k e i e )  in f a v o r  of  amndmntty) 
(3SO)a. [ I !  s i d e s ( y ) I f < 3  b a l l s ( x j 1 E e  b a l l s f x )  bounced ie j  o f f  s i d e i y )  
b. [ I !  s i d e s ( y ) l E e [ A 3  bal  1 s f x : ~ l  bal  l s i x I  bouncedfe )  o f f  s i d e ( r >  
Mi th in  each even t  e x c e p t  t h e  l a s t ,  e v e r y  s e n a t o r  is r e l a t e d  t o  two o r  t h r e e  
o f  t h e  amendments. S i n c e ,  o n l y  S e n a t o r  1 has spoken w i t h i n  a s i n q i e  session, 
the  l a s t ,  in f a u o r  of e x a c t l y  one amendment, t h e  i n t e r p r e t a t i o n  i n  (377b> is 
t r u e .  Across  t h e  span o+ + h e ,  s e s s i o n s  e v e r y  s e n a t o r  has in f a c t  spoken i n  
f a v o r  of t h r e e  or f o u r  amendments. Thus, (377a> i s  t r u e ,  S i m i l a r l y ,  t h e  
i n t e r p r e t a t i o n s  of (3781 a r e  t r u e  f o r  the  b i l l  i a r d  b a l l s  and  t h e  s i d e s  a+ the 
pool t a b l e  in t h e  c o n t e x t  of (358). 
The i n t e r p r e t a t i o n s  i n  (379) and (300) where the o b j e c t  q u a n t i f i e r  has wide 
scope are a l s o  t r u e ,  There i s  e x a c t l y  one amendment, d14, spoken i n  favo r  o f  
by no more than th ree secators  w i t h i n  a  s i n g l e  event o r  throughout .  
S i m i l a r l y ,  s ide  d4 i s  the o n l y  one t o  be bounced o f f  w i t h i n  a  s i n g l e  break bv 
no more than th ree b a l l  s ,  and en! y 2ne h?! ! h : ~  k n n n r s i  n f f  i t throuqhuut a1 1 
f i ue breaks. 
We now show t h a t  the  new l o g i c  ( o r  the a l t e r n a t i v e  i n  n .  71) assigns 
i n t e r p r e t a t i o n s  t o  (356) and t o  (357) t h a t  are t r u e  i n  (358) a l thouqh t h e i r  
acceptable i n t e r p r e t a t i o n s  are a11 f a l s e  i n  (358) 86. I n  c o n t r a s t ,  the event 
l o g i c  w i l l ,  c o r r e c t l y ,  no t  assign such t r u e  i n t e r p r e t a t i o n s .  
The t r u e  i n t e r p r e t a t i o n s  i n  the new l o g i c  are  the  two conforminq t o  each o f  
(381) and (382) : 
(381) 113 sn t r s (<X , i ) )313 !  amndmnts(y)l s n t r s ( < X , i > )  spoke i n  favo r  o f  arnndmnt!~:) 
(382) 133 b a l l s ( ( X , i ) ) l 1 3 !  s i d e s ( y ) l  b a l l s ( < X , i ) )  bounced o f f  s i d e ( y j  
One o f  t h e i r  i n t e r p r e t a t i o n s  i s  ob ta ined  by i n t e r p r e t i n q  the outermost 
q u a n t i f i e r s  "[No more than th ree  s e n a t o r s ( ( X , i ) ) l U  and "[No morp than th ree 
b a l l s ( ( X , i > ) l "  as event-dependent accord inq t o  (305a),  and the o ther  o f  t h e i r  
i n t e p r e t a t i o n s  i s  ob ta ined  by i n t e r p r e t i n q  the q u a n t i f i e r s  as 
non-event-dependent accord ing t o  (305b1, Note t h a t  the outermost q u a n t i f i e r s  
i n  (381) and (382) c lose  fo rmulas  express ing p r o p e r t i e s  o f  event- indexed s e t s  
o f  the form i n  (334). The atomic p r e d i c a t e s  i n  (301) and (382) bo th  express 
a r e l a t i o n  between event- indexed s e t s  and i n d i v i d u a l  o b j e c t s .  
86. The marg ina l  o r  unacceptable i n t e r p r e t a t i o n s  i n  n. 85 are a l s o  f a l s e  i n  
(398) ,  
The two i n t e r p r e t a t i o n s  o f  C381) are about the number o f  senators  be lonq inq 
t o  event- indexed s e t s  t h a t  speak i n  favo r  o f  e x a c t l y  th ree amendments, and 
the two i n t e r p r e t a t i o n s  o f  (382) are about the number o f  b a l l s  be lonq inq t o  
event- indexed s e t s  t h a t  bounce o f f  e x a c t l y  th ree s ides .  The c o n t e x t s  
represented by (358) c o n t a i n  no event- indexed s e t s  t h a t  m e e t  these 
d e s c r i p t i o n s  when they are s p e c i f i e d  as i n  (381) and (382) w i t h  an i n d i v i d u a l  
v a r i a b l e  y. These i n t e r p r e t a t i o n s  are then vacuously t r u e  i n  (358). 
Consider what i s  ob ta ined f rom (305a) and (305b) when a p p l i e d  Po the f i r s t  
q u a n t i 9 i e r s  i n  (381) and (382):  
(383)(event-dependent) (381) i s  t r u e  i f f  every event- indexed set  ( C , i >  i s  
such t h a t  i f  'senators(C, i )  spoke i n  favo r  o f  e x a c t l y  th ree amendments" i s  
t r u e ,  c i s  no more than th ree senators .  
(384)(event-dependent) (382) i s  t r u e  i f f  every event- indexed se t  < C , i >  i s  
such t h a t  i f  " b a l l s ( C , i >  bounced o f f  e x a c t l y  th ree s ides "  i s  t r u e ,  c  i s  no 
more than th ree b a l l s .  
(385)(non-euent-dependent) (381) i s  t r u e  i f f  the union o f  a  s e t s  c  such t h a t  
f o r  some event i "senators( (C, i ) )  spoke i n  f a v o r  o f  e x a c t l y  th ree 
amendments" i s  t r u e  i s  no more than th ree  senators .  
(386)(non-event-dependent) (382) i s  t r u e  i f f  the union o f  a  s e t s  c  such t h a t  
f o r  some event i ' b a l l s ( ( C , i ) )  bounced o f f  e x a c t l y  th ree s ides "  i s  t r u e  i s  
no more than th ree  b a l l s .  
For e i t h e r  i n t e r p r e t a t i o n  conforming t o  (381),  an event- indexed se t  ( C , i )  i s  
r e l e v a n t  j u s t  i n  case (387) i s  t r u e ,  and an event- indexed se t  i s  r e l e v a n t  f o r  
e i t h e r  i n t e r p r e t a t i o n  conforming t o  (382) j u s t  i n  case (388) i s  t r u e :  
(387) 13! arnendments<y)I senators( (C, i ) )  spoke i n  favo r  o f  amendment(r1 
(388) [ 3 !  s i d e s ( y ) l  b a l l s t < C , i ) )  bounced o f f  s i d e ( y )  
But,  f o r  the q iven con tex ts ,  these can be t r u e  and an event- indexed se t  ! C , i >  
r e l e v a n t  o n l y  i f  there  are th ree d i s t i n c t  d  dk and dl such t h a t :  j ' 
(389) senatars(<C, i ) )  spoke i n  favo r  o f  amendmenttd.) & 
senators(  (C,  i ))  spoke i n  favo r  o f  amendment(di) 6 
senators(<C, i>)  spoke i n  favo r  o f  amendrnent(dl) 
( 390 b a l l s ( ( C , i ) )  bounced o f f  s i d e t d . )  & 
ba l  l s ( < C ,  i ) )  bounced o f f  s i d e ( d i )  C 
b a l l s ( < C , i > )  bounced o f f  s ide (d l )  
The atomic sentences t h a t  are the con junc ts  o f  (389) and i390 ) ,  are t r u e  
accord ing t o  (391) and (3921, which are ins tances o f  the schema f o r  denot ing  
i n d i v i d u a l s  e x e m p l i f i e d  i n  (323) and (327):  
(391 c .  ' sena to rs t<C, i> )  speak i n  favo r  o f  amendment(dIu i s  t r u e  i f f  
i .  ( r e l a t i o n a l  s t r u c t u r e )  C are senators,  d  i 2  an amendment, and 
C speak i n  f a v o ~  of ( d l ,  and 
(evsnt  s t r u c t u r e )  i i .  C speak i n  favo r  o f  ( d l  a t  i ,  and 
i i i .  f o r  a l l  s e t s  X  o f  senafors, 'Y o f  amendments, 
i f  X speak i n  favo r  o f  Y a t  i ,  then XCC. 
(392) c. ' b i l l i a r d  b a l l s t < C , i ) )  bounce o f f  s i d e ( d ) "  i s  t r u e  i f f  
i .  ( r e l a t i o n a l  s t r u c t u r e 1  C are b i l l i a r d  baJ ls  d  i s  a  s ide  ( o f  the pool t a b l e i ,  
and C b o u n ~ e  o f f  ( d l ,  and 
(event  s t r u c t u r e )  i i .  C bounce o f f  ( d l  a t  i ,  and 
i i i .  f o r  a l l  s e t s X  $4 b i l l i a r d  b a l l s ,  Y o f  s ides ,  
i f  X bounce o f f  Y a t  i ,  then XCC. 
Observe now t h a t  no event- indexed s e t s  i n  the c o n t e x t s  represented by (358) 
meet e i t h e r  (389) o r  (390). Accord ing t o  sec. 5.1, and r e f l e c t e d  i n  c lause 
i i i ,  o f  (391) and (392), an (event- indexed) se t  denoted by the p r e d i c a t e  
must exhaust the p a r t i c i p a n t s  ( i n  the same r o l e )  o f  i t s  event .  The same se t  
s a t i s f i e s  t h i s  c o n d i t i o n  i n  each o f  the f i r s t  th ree events dep ic ted  i n  C358:), 
u i z . ,  C1-O = (a,b,c,1,2,3,4,5,6>. I n  the f o u r t h  event ,  the se t  s a t i s f y i n g  
the c o n d i t i o n  i s  C4 = <1,2,3,4,5,6l, and i n  the l a s t  event ,  i t  i s  C5 = (11. 
Thus, f o r  the events i n  (358), o n l y  <C1-3, El), <CI-3, E2) ,  (C1-3,  E3), 
(C4,Eqj and dC5,E5) are dsnotable by the p r e d i c a t e s  i n  (391) and (392).  But .  
none o f  these event- indexed se ts ,  except f o r  (C5,E5), s a t i s f y  (393) or  (39411 
w i t h  any o f  the i n d i v i d u a l s  d  (dl ,  d2, d  or  d4) :  j 3 
(393) senators(<Cy,E i j )  speak i n  f a v o r  o f  amendment(d.) 
J 
(394) ba l ls ( (Ck,E i ) )  bounce o f f  s i d e ( d j )  
I n  the f i r s t  session,  the fiencitors ( C  ) have n o t  a l l  spoken i n  favor  o f  the 1-3 
f i r s t  amendment, nor a l l  i n  favo r  o f  the second amendment, nor a l l  i n  favo r  
o f  the t h i r d .  S i m i l a r l y ,  i n  the f i r s t  break,  the b a l l s  ( C 1 - 3 j  have no t  a l l  
bounced o f f  the f i r s t  s i d e  nor  o f f  any o f  the o ther  two s ides .  The f i r s t  
f o u r  sessions and breaks are i d e n t i c a l  i n  t h i s  respec t .  Thus, none o f  the 
f i r s t  f o u r  event- indexed s e t s  i n  the con tex ts  represented by (359) m e e t  ( 3 8 9 )  
or ( 3 9 0 1 . ~ ~  As f o r  the l a s t  event- indexed se t  (C5,E5), i t  and o n l y  one 
87. The p o i n t  i s  no t  t o  deny t h a t  a  group o f  senators  can be considered t o  
have spoken i n  favo r  o f  an amendment i f  the spokesman amonq them has. O f  
course, bouncing b i l l i a r d  b a l l s  p rov ide  more convenient  examples s ince one 
cannot r e a d i l y  a t t r i b u t e  t o  them c o l l e c t i v e  a c t i o n .  I n  any case, l e t  us 
assume t h a t  the  p r e d i c a t e  ' senators(x )  speak i n  favo r  o f  amendments(y j "has 
an i n t e r p r e t a t i o n  concerning t h e i r  c o l l e c t i v e  a c t i o n  r a t h e r  than t h e i r  
i n d i v i d u a l ,  phys i ca l  speeches. Al though a l l  the senators  are no t  r e q u i r e d  t o  
speak, I assume i t  i s  no t  i n  general t r u e  t h a t  i f  some senator has spoken i n  
favo r  o f  an amendment, then any a r b i t r a r y  se t  o f  senators  c o n t a i n i n g  him has 
spoken i n  favo r  t h a t  amendment. Al though t h a t  senator 's  speakinq mar count 
f o r  the group o f  senators  C, there  may be supersets  o f  C f o r  which i t  does 
n o t  count.  We now r e i n t e r p r e t  the  con tex t  t h a t  (358) represents .  The b l o c k s  
s tand f o r  a  sequence o f  s e n a t o r i a l  sessions,  a t  which spokesmen dec lare  t h e i r  
group's c m i t t m e n t  t o  v a r i o u s  amendments. Sentence (356)  i s  i n  t h i s  contex t  
about how many senators  end up committed i n  one way o r  another t o  how many 
amendments. L e t  each l i n e  i n  (358) connect ing  a  s e t  and an amendment mean 
t h a t  t h a t  s e t  o f  senator 's  spokesman has spoken f o r  t h a t  amendment f o r  t h a t  
session.  I f  a  p a r t i c u l a r  s e t  and a  p a r t i c u l a r  amendment are not  connected by 
a  l i n e ,  then t h a t  s e t  o f  senators  has no t  ac ted c o l l e c t i v e l y  t o  speak i n  
favo r  o f  t h a t  amendment. Such a con tex t  can be cons t ruc ted  because we do no t  
consider  any a r b i t r a r y  s e t  t h a t  c o n t a i n s  a  speaker t o  be spoken f o r .  For 
c o l l e c t i v e  a c t i o n ,  a s e t  must be more cohesive i n  some way, and t h a t  war i s  
i n  t h i s  con tex t  absent whenever there  i s  no connect ing  l i n e .  The f i r s t  f ou r  
sessions i n  (358) cont inue t o  be events  o f  senators  speaking i n  favo r  o f  
e x a c t l y  th ree amendments (now v i a  t h e i r  d i f f e r e n t  spokesmen). The argument 
i n  terms o f  t h i s  p r e d i c a t e  o f  c o l l e c t i v e  a c t i o n  i s  developed i n  a  way t h a t  
p a r a l l e l s  the argument i n  the t e x t .  The new l o g i c  s t i l l s  assigns an 
unacceptable i n t e r p r e t a t i o n  Po (356) t h a t  i s  t r u e  i n  (3581, s ince no 
event- indexed s e t  meets the c o n d i t i o n  i n  ( 3 8 9 ) .  I n  p a r t i c u l a r ,  the o n l y  
event- indexed s e t s  f rom the f i r s t  f o u r  sessions which are denotable accord ing 
E ), (CI-3,E3) and < C 4 , E 4 ) ,  None o f  these t o  sec. 5.1. are (Cl-3,El), (C1-3, 
meet (389). No spokesman f o r  any o f  these s e t s  o f  senators  spoke i n  favo r  o f  
any o f  the th ree amenhents.  I n  f i r s t  session,  f o r  example, there  i s  no 
i n d i v i d u a l  amendment t o  which the members o f  Co-3 were c o l l e c t i v e l y  
cornmi t t r d .  
i n d i v i d u a l  dq s a t i s f y  (393) and (394).  Thus, none o f  the event- indexed s e t s  
meet (389) or  (390).  Since, there are no such s e t s ,  they con ta in  
i n d i v i d u a l l y  or j o i n t l y  no more than th ree members, and t h e r e f o r e  a l l  the 
i n t e r p r e t a t i o n s  conforminq t o  (3811 and t o  (382) are t r u e ,  The new l o g i c  
thus  i n c o r r e c t l y  a t t r i b u t e s  t o  the sentences (356) and (357) i n t e r p r e t a t i o n s  
t h a t  are t r u e  i n  (358). 
Va r ious  ways out  f o r  the  new l o g i c  f a i l  elsewhere. N o t i n g  t h a t  the 
argument t u r n s  on the r e s t r i c t i o n  f rom sec. 5.1 ( c lause  i i i .  i n  (3911 and 
(39211, one miqht  t r y  t o  r e l a x  the r e s t r i c t i o n ,  n o t  unreasonably, s ince the 
example c i t e d  i n  i t s  support  i n  sec. 5.1. i s  based on a r e l a t i o n  between 
s e t s  'marb les t r )  f a l l  i n t o  s l o t s ( s ) ' .  The r e s t r i c t i o n  miqht  be r e l a x e d  f o r  
p r e d i c a t e s  w i t h  i n d i v i d u a l  u a r i a b l e s .  I n s t e a d  o f  (391) and (392> ,  c lause 
i i i .  miqht  be r e l a t i v i z e d  t o  the va lues  o f  the i n d i v i d u a l  v a r i a b l e s  as i n  
( 3 9 5 )  and (3961, o r  the r e s t r i c t i o n  miqht  be abandoned a l t o q e t h e r  as i n  (397) 
and (398 )  : 
( 395) c .  ' senators( (C, i> )  speak i n  favo r  o f  amendment(d)' i s  t r u e  i f f  
i . ( r e l a t i o n a l  s t r u c t u r e )  C are senators,  d  i 2  an amendment, and 
C speak i n  f a v o ~  o f  ( d l ,  and 
(event  s t r u c t u r e )  i i .  C speak i n  f a v o r  o f  ( d l  a t  i ,  and 
i i i .  f o r  a l l  s e t s  X  o f  sena iors ,  
i f  X  speak i n  f a v o r  a f  { d l  a t  i ,  then XCC. 
(396) c ,  ' b i l l i a r d  b a l l s ( ( C , i > )  bounce o f f  s i d e ( d ) "  i s  t r u e  i f f  
i .  ( r e l a t i o n a l  s t r u c t u r e )  C are b i l l i a r d  b a a l s  d  i s  a s ide  i o f  the pool t ab le : ) ,  
and C bounge o f f  { d > ,  and 
(event  s t r u c t u r e )  i i .  C bounce o f f  { d l  a t  i ,  and 
i i i .  f o r  a l l  s e t s X  o f  b i l l i a r d  b a l l s ,  
As t h i s  note suggests, the argument i n  the t e x t  a p p l i e s  t o  any r e l a t i o n  
between s e t s  and i n d i v i d u a l s  "* (X,d)"  which f a i l s  t o  have the p r o p e r t y  t h a t  
i f  '4tX,d)' i s  t r u e ,  '4(X',d)" i s  t r u e  f o r  any superset  X' o f  X .  The s imples t  
examples o f  such r e l a t i o n s  a re ,  l i k e  those i n  the t e x t  about b a l l s  bouncino 
o f f  s ides  and senators  p h y s i c a l l y  speaking i n  favo r  o f  amendments, t r u e  o f  X 
i f  and o n l y  i f  every i n d i v i d u a l  member o f  X meets some c o n d i t i o n .  
* i f  X bounce o f f  ( d l  a t  i , then XCC. 
(397) c. " sena to rs ( (C , i> )  speak i n  favo r  o f  amendment(d>" i s  t r u e  i f f  
i . ( r e l a t i o n a l  s t r u c t u r e )  C are senators ,  d  i s  an amendment, and 
C spea? i n  favog o f  { d l ,  and 
(event  s t r u c t u r e )  i i .  C speak i n  favo r  o f  { d l  a t  i .  
(398) c .  ' b i l l i a r d  b a l l s ( < C , i > )  bounce o f f  s i d e ( d ) "  i s  t r u e  i f f  
i . ( r e l a t i o n a l  s t r u c t u r e )  C are b i l l i a r d  b a i l s  d  i s  a  s ide  ( o f  the pool t a b l e ) ,  
and C bgunce o f f  { d l ,  and 
(event  s t r u c t u r e )  i i .  C bounce o f f  { d l  a t  i .  
R e l a t i v i z i n q  the r e s t r i c t i o n  t o  va lues  o f  the i n d i v i d u a l  v a r i a b l e s  c rea tes  
more denotable event- indexed se ts .  I n  the  f i r s t  event i n  (3581, the maximal 
se t  r e l a t e d  t o  dl i s  <a,b,c,1,2,3,41; and so, (393) and (394)  are t r u e  o f  
{(a,b,c,1,2,3,4>, El) and dl. They are s i m i l a r l y  t r u e  o f  {{a,b,c,1,2,5,61, 
El> and d2, and o f  ((a,b,c,3,4,5,6), El) and d3. These th ree event- indexed 
s e t s  are the o n l y  ones f rom the f i r s t  event made denotable by the r e l a t i v i z e d  
r e s t r i c t i o n  i n  ( 3 9 5 )  and (396). Al though they are each r e l a t e d  t o  one 
i n d i v i d u a l  d i ,  none s a t i s f i e s  (389) or  (390) by be ing  r e l a t e d  t o  th ree 
i n d i v i d u a l s .  Note t h a t  the  senators  o f  (a,b,c,1,2,3,41 have not  a l l  spoken 
i n  favo r  o f  the second or  t h i r d  amendments i n  the f i r s t  session.  S i m i l a r l y ,  
the b a l l s  i n  (a,b,c,1,2,3,43 have no t  a l l  bounced o f f  the second or  t h i r d  
s i d e s  o f  the pool  t a b l e  i n  the f i r s t  break.  The s i t u a t i o n  i n  the o ther  
events i s  the same. None o f  the new event- indexed s e t s  t h a t  can be denoted 
under the r e l a t i v i z e d  r e s t r i c t i o n  i n  (395) and (396) m e e t  (3891 or  ( 3 9 0 ) .  
Since, there  are no new ones, a l l  such s e t s  s t i l l  c o n t a i n  i n d i v i d u a l l y  or  
j o i n t l y  no more than th ree members, and t h e r e f o r e  a l l  the i n t e r p r e t a t i o n s  
conforming t o  (381) and (382) remain t r u e .  The new l o q i c  w i l l  s t i l l  
i n c o r r e c t l y  a t t r i b u t e  t o  the  sentences (356) and (357) i n t e r p r e t a t i o n s  t r u e  
i n  (358). 
Suppose ins tead  t h a t  the r e s t r i c t i o n  f rom sec. 5.1 i s  abandoned a l toge the r  
i n  the case o f  a p r e d i c a t e  w i t h  i n d i v i d u a l  v a r i a b l e s ,  as i n  (397) and 1:3?8>. 
Any euent- indexed s e t  can be denoted. Then, i n  (3581, the event- indexed s e t s  
((a,b,c),E1), <<a,b,c),E >,  <{a,b,c l ,E3)  and ( { l l , E 4 >  each m e e t  (389) and 2 
(390).  They are  each r e l a t e d  t o  th ree  and o n l y  three i n d i v i d u a l s  d These i  ' 
s e t s  taken together  c o n t a i n  f o u r  members, and thus  the non-event-dependent 
i n t e r p r e t a t i o n s  o f  (381) and (282) are f a l s i f i e d  (see (385) and ( 3 8 6 i j .  
T h e i r  event-dependent i n t e r p r e t a t i o n s  (see (383) and (384) )  however remain 
t r u e  i n  (3581, s ince each o f  the event- indexed s e t s  r e l a t e d  t o  e x a c t l y  three 
i n d i v i d u a l s  does c o n t a i n  no more than th ree  members: a, b  and c ,  o r  j u s t  1. 
Even abandoning the r e s t r i c t i o n  f rom sec. 5.1 f o r  p r e d i c a t e s  w i t h  
i n d i v i d u a l s  v a r i a b l e s ,  i n t e r p r e t a t i o n s  assigned t o  sentences (356) and (357) 
come out  t r u e .  
I n  a t tempt ing  t o  e l i m i n a t e  f rom the new l o g i c  i n t e r p r e t a t i o n s  o f  (356) and 
(357) t h a t  are i n c o r r e c t l y  t r u e  i n  (3581, we have considered ways t o  weaken 
the r e s t r i c t i o n  f rom sec. 5.1. Reca l l  now t h a t ,  i n  c o n t r a s t  t o  (356) and 
(3571, the acceptable i n t e r p r e t a t i o n s  o f  (359) and (360) are t r u e  i n  (358) .  
The i n t e r p r e t a t i o n  o f  these sentences p rov ide  a  general o b j e c t i o n  t o  any 
scheme t h a t  w i l l  weaken the r e s t r i c t i o n  f rom sec. 5.1 ". A1 though such a 
scheme might  succeed i n  making a l l  i n t e r p r e t a t i o n s  o f  (356) and (357) f a l s e  
i n  (3581, i t  w i l l  a l s o  make i n t e r p r e t a t i o n s  o f  (359) and (360) dalse i n  
(3581, The a f f e c t e d  i n t e r p r e t a t i o n s  i n  the new l o g i c  are the two conforminq 
t o  each o f  ( 3 9 9 )  and (400) and shown i n  (401)-(404): 
(399) 133 s n t r s ( ( X , i ) ) l C l !  amndmnts(y)I s n t r s ( ( X , i > )  spoke i n  favo r  o f  amndmnt(ri 
88. I t  a l s o  p rov ides  a  counterexample t o  weakening the r e s t r i c t i o n  from sec. 
5.2 aga ins t  cross-euent p r o p e r t i e s  o f  se ts .  See note  below. 
(400) t(3 b a l l s ( < X , i > > l t 1 !  s i d e s ( y ) l  b a l l s ( ( X , i ) )  bounced o f f  s i d e ( y j  
(40l ) (event-dependent)  (381) i s  t r u e  i f f  every event- indexed se t  < C , i j  i s  
such t h a t  i f  "senators(C, i )  spoke i n  f a v o r  o f  e x a c t l y  one amendments" i s  
t r u e ,  c  i s  no more than th ree senators .  
(402>(event-dependent) (382) i s  t r u e  i f f  every event- indexed se t  ( C , i )  i s  
such t h a t  i f  ' b a l l s < C , i )  bounced o f f  e x a c t l y  one s ides '  i s  t r u e ,  c  i s  no 
more than th ree b a l l s .  
(403)(non-event-dependent) (381) i s  t r u e  i f f  the un ion o f  a  s e t s  c  such t h a t  
f o r  some event i "sena to rs (<C, i )>  spoke i n  favo r  o f  e x a c t l y  one amendments" 
i s  t r u e  i s  no more than th ree senators .  
(404)(non-event-dependent) (302) i s  t r u e  i f f  the un ion o f  a  s e t s  c such t h a t  
f o r  some event i ' b a l l s ( < C , i ) )  bounced o f f  e x a c t l y  one s idesn  i s  t r u e  i s  no 
more than th ree b a l l s .  
Reca l l  t h a t  the l e s s  d r a s t i c  move i n  (395) and (396),  r e l a t i v i z i n g  the 
r e s t r i c t i o n  f rom sec. 5 . i .  t o  va lues  o f  the i n d i v i d u a l  v a r i a b l e ,  made a 
number o f  new event- indexed s e t s  denotable.  As was p o i n t e d  o u t ,  these are 
each r e l a t e d  i n  (358) t o  one, i n  f a c t  e x a c t l y  one, i n d i v i d u a l  d  . Thus, i 
<~a,b,c,1,2,3,4),El) s a t i s f i e s  (393) and (394) w i t h  dl and w i t h  no o the r .  
The o the r  event- indexed s e t s  made denotable by the weakened r e s t r i c t i o n  are 
a l s o  each r e l a t e d  t o  e x a c t l y  one di : ((a,b,c,2,3,4,51,E2) t o  o n l y  d 2 ,  
((a,b,c,1,2,3,5),E3> t o  o n l y  d3, ((1,3,4,61,E4) t o  o n l y  d2, e t c .  N w  each o f  
these s e t s  separa te l y  and t h e r e f o r e  together  as w e l l  con ta in  more than th ree 
members. They thus  f a l s i f y  a l l  the  i n t e r p r e t a t i o n s  conforming t o  (399) and 
(4001. The new l o g i c  w i l l  then i n c o r r e c t l y  a t t r i b u t e  t o  sentences (3591 and 
(360) i n t e r p r e t a t i o n s  f a l s e  i n  (358). Other schemes t o  weaken the 
r e s t r i c t i o n ,  such as abandoning i t  a l t o g e t h e r  as i n  (3971 and (3981, w i l l  
have the same e f f e c t ,  r e s u l t i n g  i n  f a l s e  i n t e p r e t a t i o n s  i f  they make 
denotable a t  l e a s t  the above euent- indexed s e t s .  The weaker schemes w i l l  
a l s o  admit o the r  euent- indexed s e t s  r e l a t e d  t o  e x a c t l y  one i n d i v i d u a l  d i m  
From the f i r s t  euent, <{1,2,3141,E1), <(1,2,5,6),E1) and ((3,4,5,61,El) are 
event-indexed sets, among others, related to exactly one d i .  Since, they 
each contain more than three members, they would each suffice to falsify all 
the interpretations of (399) and (400). 89 
W e  have s o  9ar shown that the new logic when individual variables are 
introduced according to (391) and (392) misinterprets sentences (356) and 
(3571, assigning them interpretations that are incorrectly true in ( 358 ) .  
Particular alternatives t o  (391) and (392) that relax the restriction of 
sec. 5.1 also misinterpret (391) and (392). We have also sugqested that any 
such alternative will result in the misinterpretation of (359) and (360j, 
assigning them interpretations that are incorrectly false in (358). In 
short, the misinterpretation of sentences such a s  (356) and (357) is a robust 
feature of the new logic (or any set-denotative logic with events>. The 
unacceptable interpretations result from the assignment of loqical forms, 
(381) and (3821, which are closures of formulas of the form in (334). 
Event logic will not assign to (356) and (357) interpretations that are 
true in (358).  Such intepretations were derived in the new logic from 
predicates that express relations between (event-indexed) sets and 
individuals, "senators(<x,i)> speak in favor of amendment(yjU and "billiard 
bal l s ( ( x ,  i )) bounce off side(y1 of the pool table". T h e  (event-indexed) sets 
are not available to event logic. W e  will however compare the event losic's 
treatment of the event-dependent and non-event-dependent interpretations of 
( 3 5 4 )  and (357). 
89. Note that all of the sets mentioned, (a,b,c,1,2,3,43 and the others, 
retain the property of  beinq related to exactly one d. even if w e  consider 
what they d i d  throughout (358) across all of the events, r u s p e n d i n ~  the 
restriction of sec. 5.2. 
(356) No more than 3 senators  (eve r )  spoke i n  favo r  o f  e x a c t l y  3 amendments, 
(381) 113 s n t r s i ( X , i > ) l [ 3 !  amndmnts(y)l s n t r s t ( X , i j )  spoke i n  favo r  o f  amndmnt(yi 
(357) No more than 3  b i l l i a r d  b a l l s  (eve r )  bounced o f f  e x a c t l y  3 s ides  
o f  the pool t a b l e .  
(382) t(3 b a l l s ( < X , i > > l l 3 !  s i d e s t y ) ]  b a l l s ( ( X , i ) )  bounced o f f  s i d e < y >  
Reca l l  t h a t  the f i r s t  q u a n t i f i e r  i n  (381) and (357) c o u l d  be i n t e r p r e t e d  i n  
e i t h e r  o f  two ways: accord ing t o  (301a)  t o  o b t a i n  an event-dependent 
i n t e r p r e t a t i o n ,  or  accord ing t o  (301b) t o  o b t a i n  a  non-event-dependent 
q u a n t i f i e r  over events.  What r e s u l t s  i s  the new l o q i c ' s  ve rs ion  o f  those 
i n t e r p r e t a t i o n s  o f  (356) and (357) paraphrased i n  (405) and (406): 
(405) a. (event-dependent) Any event o f  senators  speaking i n  favor  o f  
e x a c t l y  th ree amendments i n v o l v e s  no more than th ree senators  
b. (non-event-dependent) No more than th ree  senators  are i n  events o f  
senators  speaking i n  favo r  o f  e x a c t l y  th ree  amendments 
(406) a. (event-dependent) Any event o f  b i l l i a r d  b a l l s  bouncing o f f  e x a c t l y  
e x a c t l y  th ree  s i d e s  sf i n e  pool  t a b l e  i n v o l v e s  no more than three b i l l i a r d  
b a l l  s  
b, (nori-event-dependent) No more than th ree  b i l l i a r d  b a l l s  are i n  events o f  
b i l l i a r d  b a l l s  bouncing o f  e x a c t l y  e x a c t l y  th ree s i d e s  o f  the pool t a b l e  
These i n t e r p r e t a t i o n s  i n  the  event l o g i c  are equ iva len t  t o  (407) and (408) :  
(407)a: 
CAe: senators  speaK(e) i n  favo r  o f  3!  amendments] INFL(e, 53 senators5 
b: 
113 sena to rs (x ) l tEe :  senators  speak(e1 i n  f a v o r  o f  3 !  amendmentsl x c e  
(408) a: 
EAe: b i l l i a r d  b a l l s  bounce(e1 o f f  3! s ides1 INFL(e, (3 b i l l i a r d  b a l l s )  
b: 
E(3 b i l l i a r d  b a l l s ( x ) I t E e :  bd. b a l l s  bounce(e1 o f f  3 !  s ide1 xCe 
Reca l l  now t h a t  the t r u e  i n t e r p r e t a t i o n s  i n  the new l o g i c  were the r e s u l t  o f  
i n t e r p r e t i n g  the second q u a n t i f i e r  t o  be one t h a t  bound an i n d i v i d u a l  
v a r i a b l e ,  as shown i n  (381) and (3821, For i n  t h a t  case, one had t o  search 
(350) f o r  event- indexed s e t s  t h a t  s a t i s f i e d  (387) and (388):  
(387) [ e x a c t l y  th ree amendrnentsty)I senators(<C, i>)  spoke i n  favo r  o f  amendment!rj 
(388) [ e x a c t l y  th ree s i d e s ( y > I  b a l l s ( < C , i > )  bounced o f f  s i d e ( y )  
These r e q u i r e  a  s e t  C w i t h i n  an event i t o  be r e l a t e d  t o  every one o f  e x a c t l y  
th ree  i n d i v i d u a l s .  We have seen t h a t  no t  enough o f  the event- indexed s e t s  i n  
(3581 meet t h i s  requirement t o  f a l s i f y  (381) or  (382). 
I n  the event l o g i c ,  one looks  a t  (358) f o r  events t h a t  s a t i s f y  the 
r e s t r i c t i o n s  on the e v e n t - q u a n t i f i e r s  i n  (407) and (408):  
(409) ... toe: senators  speakte) i n  f a v o r  o f  e x a c t l y  three amendmentsl.,. 
(410)...CQe: b i l l i a r d  b a l l s  bounce(e1 o f f  e x a c t l y  th ree s ides  o f  the pool t a b l e l . . .  
I n  c o n t r a s t  t o  (387) and (3881, these have no argument p lace f o r  the value o f  
an (event- indexed) s e t  v a r i a b l e .  T h i s  i s  the impor tant  p r o p e r t y  o f  event 
l o g i c  d iscussed i n  sec. 3.2. Thus, q u a n t i f i c a t i o n  over i n d i v i d u a l s  i n  (411) 
and (412) w i l l  no t  r e q u i r e  each o f  e x a c t l y  th ree i n d i v i d u a l s  t o  be r e l a t e d  t o  
the value o f  the s e t  v a r i a b l e .  
(411) ..,CQe: 13! anendmentsty) l  senators  speak(e) i n  favo r  o f  amendment(yj1 ... 
t412)...CQe: 13! s i d e s ( y ) l  bd. b a l l s  bounce(e) o f f  s ide  ( y1  o f  pool t a b l e l . . .  
I t  s u 9 f i c e s  t h a t  senators  speak a t  e  i n  favo r  o f  the i n d i v i d u a l  amendment, 
and t h a t  b i l l i a r d  b a l l s  bounce a t  e  o f f  the i n d i v i d u a l  s i d e .  E x a c t l y  as the 
paraphrases i n  (405) and (406) would have i t ,  an event i n  (358) i s  r e l e v a n t  
i f  e x a c t l y  th ree amendments were spoken i n  f a v o r  o f  or  e x a c t l y  th ree s ides  of 
the pool t a b l e  bounced o f f  o f .  Since, every one o f  the f i r s t  f o u r  events i n  
(358) meets t h i s  d e s c r i p t i o n  and t h e i r  p a r t i c i p a n t s  are separa te l y  and 
j o i n t l y  a t  l e a s t  s i x ,  a l l  the i n t e r p r e t a t i o n s  of (405) and (406) are f a l s e .  
Reca l l  f rom sec. 6.1, p .  181, t h a t  the new l o q i c  has o n l y  (333)  t o  
represent  the i n t e r p r e t a t i o n  o f  (31) and (330) t h a t  corresponds t o  <60e> i n  
event l o g i c .  Reca l l  a l s o  t h a t  the atomic p r e d i c a t e s  i n  the (333) have the 
t r u t h  c o n d i t i o n s  i n  (413) conforminq t a  the schema i l l u s t r a t e d  by (323) and 
(327) aboue. 
(31) Three agents s o l d  twen ty - f i ve  b u i l d i n g s  t o  two inves to rs .  
(330 1 Three agents s o l d  twenty- f  iue  b u i  l d i n q s  t o  two i n v e s t o r s  each. 
'Three agents together  s o l d  twen ty - f i ve  b u i l d i n g s  each t o  two inves to rs "  
(333) a. C3 agnts(<Z,i>)1C25x:bld~~x~IC2y:inustr(y~l a q n t s ( ! Z , i i i  s o l d  b l d q ( x l  
t o  i n v s t r < y i  
b. C3 agnts(<Z,i)~l125x:bldg(x)lC2 i n v s t r s ( ( Y , j > ) l  aqn ts ( (2 , i ) )  s o l d  bldgl:x> 
t o  i n v s t r s (  (Y ,j>) 
( 4 1  3) a. ' agen ts (<B , i i )  s e l l  b u i l d i g g ( c >  t o  i n u e s t o r ( d ) "  i s  t r u e  i f f  
i . ( r e l a t i o n a l  s t r u c t u r e )  agents(B1  el 1 bu i \ d i n g (  (c1) t o  inwestor(  Cd3), and 
(event  s t r u c t u r e )  i i .  agents(B) s e l l  bu i l d ing (Cc1)  t o  inves tor (Cd1 i  a t  i ,  and 
i i i .  f o r  a l l  s e t s  X4Y and 2, 
i f  agents(X) s e l l  b u i l d i n g s ( Y )  t o  i nves to rs (2 )  a t  i ,  then XCB. 
b. "agents(<B, i ) )  s e l l  bu i ld ing tc ) , to  i n u e s t o r ( ( D , j ) ) "  i s  t r u e  i f f  
i . ( r e l a t i o n a l  s t r u c t u r e )  aqentstB) s e l l  buikdinq(Cc1) t o  i nves to r (D) ,  and 
(event  s t r u c t u r e )  i i .  i=j, and agentstB) s e l l  bu i l d inq (Cc1)  t o  inuestor(Cd1) a t  i ,  
and i i i ,  f o r  a l l  s e t s  X4Y and 2, 
i f  agents(X) s e l l  b u i l d i n g s ( Y 1  t o  i nves to rs (2 )  a t  i ,  then XCB and ZCD.  
A consequence o f  t h i s  s e c t i o n  w i l l  be t h a t  (333) i n  f a c t  f a i l s  t o  represent  
the i n t e r p r e t a t i o n  paraphrased i n  (60e). We w i l l  show more s e n e r a l l y  t h a t  
any l o g i c a l  form w i t h  the syntax i m ~ o s e d  by se t -deno ta t i ve  l o q i c  cannot 
represent  the c l a s s  o f  i n t e r p r e t a t i o r r s  s i m i l a r  t o  (60e>.  The se t -denota t ive  
syntax r e q u i r e s  t h a t  every p l u r a l  NP b i n d s  e i t h e r  a  v a r i a b l e  over i n d i v i d u a l  
o b j e c t s  o r  a  v a r i a b l e  over s e t s  i n  an atomic po lyad ic  p r e d i c a t e .  Thus, the 
l o g i c a l  form o f  a  s imple sentence w i t h  th ree p l u r a l  NPs as i n  (414) conforms 
t o  (415). 
(414) S CNPi CV NP2 I P  NP3111 
(416) NPl(al), NP2(a2), NP3(a3) S I a  1  t V  a2 I P  a3111 
Since, our p o i n t  i s  t o  show t h a t  a  p a r t i c u l a r  i n t e p r e t a t ~ o n  i s  no t  
exp ress ib le  w i t h i n  any l o g i c  assuming t h i s  syntax ,  we w i l l  be generous w i t h  
the  i n t e p r e t a t i o n  o f  q : ~ a n t i f i e r s  and a l l o w  the fo rma t ion  o f  n-ary q u a n t i f i e r s  
from NP1, NP2 and NP3 i n  ( 4 ~ 6 1 . ~ ~  Most o f  the argument o f  t h i s  work has been 
t o  demonstrate t h a t  the expressive power o f  se t -deno ta t i ve  l o g i c  i s  too  
g rea t ,  ass ign ing  many unacceptable i n t e r p r e t a t i o n s .  I n  order  t o  show t h i s ,  
we found unacceptable i n t e r p r e t a t i o n s  t h a t  were assigned by se t -denota t ive  
l og i cs - -  the new l o g i c ,  the a l t e r n a t i v e  i n  n.  71 and t h e i r  antecedents-- 
t h a t  were as s imple as p o s s i b l e .  These unacceptable i n t e r p r e t a t i o n s  cont inue 
t o  be assigned when the s impler  se t -deno ta t i ve  l o g i c s  are g iven the 
a d d i t i o n a l  expressive power o f  something l i k e  fi-ary q u a n t i f i e r s .  But n w  
t h a t  our p o i n t  i s  t o  s h w  an express ive  weakness i n  se t -deno ta t i ve  l o q i c ,  we  
must consider  a l l  the ways t h a t  a  l o g i c a l  form w i t h  the s t r u c t u r e  i n  (4161 
can be in te rp re ted - -  hence, the r e t u r n  o f  n -ary  q u a n t i f i e r s .  
As (41h) shows, we are  here i n d i f f e r e n t  t o  the p lace f o r  events.  What 
f o l l o w s  concerns znr  se t -deno ta t i ve  l o q i c  w i t h  or  w i t h o u t  events. I t  focuses 
---------- 
90. See sec. 2.4.1 f o r  the d i scuss ion  o f  n -ary  q u a n t i f i e r s .  
on the r e l a t i o n a l  s t r u c t u r e ,  who d i d  what t o  whom, t h a t  l o q i c a l  forms w i t h  
the s t r u c t u r e  i n  (416) impose on any s i t u a t i o n  i n  which they are t r u e .  As 
t h i s  remark suggests, the one aspect o f  the t r u t h  c o n d i t i o n s  i n  ( 4 1 3 )  t h a t  
w i l l  be c r u c i a l  i s  l a b e l l e d  ' r e l a t i o n a l  s t r u c t u r e u .  The t r u t h  c o n d i t i o n s  
abbrev ia ted by 'v*" r e f l e c t  the f a c t  t h a t  the atomic p r e d i c a t e s  i n  
se t -deno ta t i ve  l o g i c  express t r u e  r e l a t i o n s - -  between se ts ,  between 
i n d i v i d u a l s ,  and c r u c i a l l y  between s e t s  and i n d i v i d u a l s .  That i s ,  a  dyadic 
p r e d i c a t e  'Urn i s  t r u e  o f  s e t s  " they '  and 'them' j u s t  i n  case they V'ed them. 
S i m i l a r l y ,  a  dyadic p r e d i c a t e  'V' i s  t r u e  o f  a  s e t  ' they '  and an i n d i v i d u a l  
' i t '  j u s t  i n  case they V'ed i t :  
(417) a. 'agents( (8 , i ) )  s e l l  b u i l d i n g ( c 1  t o  i n v e s t o r ( d ) "  i s  t r u e  i f f  
i .  ( r e l a t i o n a l  s t r u c t u r e )  agents(B1 s e l l  bu i l d ing (Cc1)  t o  i n v e s t o r ( ( d l ) ,  and 
(event  s t r u c t u r e )  i i .  agents(0) s e l l  bu i l d inq (Cc1)  t o  i n v e s t o r < ( d 1 )  a t  i ,  and 
i i i .  f o r  a l l  s e t s  X,Y and 2 ,  
i f  agentso() s e l l  bu i l d ings ( ' / )  t o  in l res tors (2)  a t  i ,  then XCB, 
b. 'agents i<B, i ) )  s e l l  b u i l d i n g c c )  t o  i n v e s t o r ( < D , j ) ) "  i s  t r u e  i f f  
i .  ( r e l a t i o n a l  s t r u c t u r e )  agents(B1 s e l l  b u i l d i n g ( ( c 1 )  t o  i n v e s t o r ( D > ,  and 
(event  s t r u c t u r e )  i i .  i=j, and agents(B1 s e l l  b u i l d i n g ( ( c 1 )  t o  i n v e s t o r ( { d l i  a t  i ,  
and i i i .  f o r  a l l  s e t s  X,Y and 2 ,  
i f  agents(X> s e l l  bu i ld ings( ' / )  t o  i nues to rs (2 )  a t  i ,  then XC,B and ZCD. 
I n  sec. 6.4, we cons ider  se t -deno ta t i ve  l o g i c s  t h a t  g i ve  up the assumption 
t h a t  po l yad ic  atomic p r e d i c a t e s  express t r u e  r e l a t i o n s ,  and there  the 
a b b r e v i a t i o n s  'v*' s tand f o r  a  Dav idron ian d e c m p o s i t i o n  o f  the p r e d i c a t e .  
We now in t roduce i n  sec. 6.3.1 and 6.3.2 two important  f a c t s  about the 
i n t e r p r e t a t i o n s  o f  which (60e) i s  an example. 
We f i r s t  observe t h a t  these i n t e r p r e t a t i o n s  o f  the sentences i n  (418)-(420) 
are t r u e  i n  the  c o n t e x t s  dep ic ted  by (421) and descr ibed below. Appearinq 
w i t h  the  sentences are  the l o g i c a l  forms i n  event l o g i c .  The i n t e r p r e t a t i o n s  
they represent  are t r u e  i n  (4211, as r e q u i r e d ,  
(418) Three agents s o l d  ( t h e )  two b u i l d i n g s  t o  e x a c t l y  two i n v e s t o r s  (each:) 
IEe s e l l ( e ) :  C(the)2<y,e):bldg(y)1 OF(e,y) t o (e ,  2 !  i n v s t r s ) ]  INFL<e, 3 aqents j  
(422) Three l e t t e r s  o f  recommendation from i n f l u e n t i a l  f i g u r e s  earned 
the two new graduates e x a c t l y  two o f f e r s .  
IEe earn(e):Cthe2<y,e>rgrad(r)3 FOR(e,y) OF<e, 2 !  o f f e r s ) l  INFL(e, 3 l e t t e r s )  
(420) Three a u t m a t i c  t e l l e r s  gave ( t h e )  two new members 
e x a c t l y  two passwords (each) 
For each o f  the  sentences, i t  w i l l  be h e l p f u l  t o  imagine c i rcumstances t h a t  
make the r e l a t i v e  assignment o f  scope between the p l u r a l  NPs i n  the VP 
e s p e c i a l l y  mean ingfu l ,  Suppose f o r  (418) t h a t  the s a l e  o f  a b u i l d i n g  t o  two 
o r  more i n v e s t o r s  c rea tes  the c o n d i t i o n s  under which a deed can be 
contested,  The r e l e v a n t  i n t e p r e t a t i o n  o f  (418) then r e p o r t s  t h a t  ( t h e )  two 
b u i l d i n g s  were conveyed w i t h  t h a t  r i s k  and th ree  agents were the i nvo lved  
s e l l e r s .  For (4221, suppose t h a t  a new graduate's s i t u a t i o n  i s  measured by 
h i s  a b i l i t y  t o  p l a y  one j o b  o f f e r  o f f  aga ins t  another .  N a t u r a l l y ,  success 
beg ins  a t  two o f f e r s  and improves w i t h  the chances f o r  more e labora te  p l o y s  
as the number o f  o f f e r s  increases. The r e l e v a n t  i n t e r p r e t a t i o n  o f  ( 4 2 2 )  
r e p o r t s  t h a t  t h ree  l e t t e r s  o f  recommendation were respons ib le  f o r  b r i n q i n g  
the  two new graduates t o  the minimal l e v e l  o f  success. For example (4201, 
suppose t h a t  new members i n  any o f  severa l  Christmas c l u b s  a t  any o f  several  
banks are e n r o l l e d  by ass ign ing  t o  each new member e x a c t l y  two passwords o f  
h i s  own. The assignment o f  a password i s  made by computer and r e c e i v e d  a t  
one o f  many automat ic  t e l l e r s .  A t  one l ' oca t i on ,  which (420:) i s  about,  there  
are many automat ic  t e l l e r s  e j e c t i n g  passwords f rom any o f  the d i f f e r e n t  
Christmas c lubs .  A new member e n t e r s  the l o c a t i o n ,  approaches one o f  the ' 
t e l l e r s ,  connects i t  t o  the Christmas c l u b  o f  h i s  choice and requests  one 
password. As a s e c u r i t y  p recau t ion ,  t o  request  anothel- password he must 
repeat  the process. The re lev 'an t  i n t e r p r e t a t i o n  o f  (420) r e p o r t s  t h a t  th ree 
automat ic  t e l l e r s  were used when ( t h e )  two new members e n r o l l e d  i n  Christmas 
c lubs .  
Each f i g u r e  i n  (421) s h w s  two d i s t i n c t  i n d i v i d u a l s  i n  i t s  l e f t m o s t  column 
each r e l a t e d  t o  e x a c t l y  two d i s t i n c t  i n d i v i d u a l s .  For (4201, these are two 
new members, ml who i s  g i ven  passwords pl and p and m who i s  g iven 2 2 
passwords p3 and p4. S i m i l a r l y  i n  the f i g u r e  f o r  (4181, there  are ( t h e )  two 
b u i l d i n g s ,  bl and b2, such t h a t  b i s  s o l d  t o  the two i n v e s t o r s  il and i I 2 ' 
and b2 i s  s o l d  t o  the two i n v e s t o r s  i3  and i4. For (4221, (421) shows one 
new graduate gl w inn ing  j o b  o f f e r s  o and 02, and the o the r  graduate q2 1 
w inn ing  o f f e r s  o3 and 04. 
Each o f  the  f i g u r e s  i n  (421) a l s o  shows t h a t  th ree i n d i v i d u a l s  b r i n q  about 
the s t a t e  o f  a f f a i r s  descr ibed aboue, (420) 's  f i q u r e  shows t h a t  new member 
m was g iven the passwords t o  h i s  Chr is tmas c l u b  by one automatic t e l l e r  a 1 1 ; 
b u t ,  new member m was g i ven  one o f  h i s  passwords by automatic t e l l e r  a2, and 2 
the o the r  password by another t e l l e r  a3. The p a r t i c i p a t i o n  o f  the th ree 
i n d i v i d u a l s  i s  d i s t r i b u t e d  i n  the same way i n  a l l  o f  the f i g u r e s .  Thus, one 
o f  the agents, al, i s  s o l e l y  respons ib le  f o r  b u i l d i n g  b  b e i n g  s o l d  t o  1 
e x a c t l y  two inves to rs ,  agent a2 s e l l s  b u i l d i n g  b2 t o  one inues to r ,  and asent 
a  s e l l s  i t  again t o  another i n v e s t o r .  S i m i l a r l y ,  one l e t t e r  o f  3 
r e c m e n d a t i o n  1  earns the  f i r s t  graduate gl h i s  two o f f e r s ;  bu t  the second 1  
graduate g  w ins  h i s  two o f f e r s  each f rom a  d i f f e r e n t  recommendation. 2  
The r e l e v a n t  i n t e r p r e t a t i o n s  o f  the sentences i n  (418)-(420) and t h e i r  
r e p r e s e n t a t i o n  i n  event l o g i c  are t r u e  i n  the c o n t e x t s  o f  (421). (420) 's 
f i q u r e  i n  (421) shows an event i n  which ( t h e )  two new members are each g iven 
e x a c t l y  two passwords, and i t s  g i v e r s  are  th ree automat ic  t e l l e r s .  (421:) 
d e p i c t s  f o r  (418) an event i n  which ( t h e )  two b u i l d i n g s  are each s o l d  t o  
e x a c t l y  two i n v e s t o r s  such t h a t  i t s  s e l l e r s  are  th ree agents. F i n a l l y ,  
(422)'s f i g u r e  shows an event i n  which the two c h i l d r e n  are each earned 
e x a c t l y  two o f f e r s ,  and i t s  earners  are  th ree  l e t t e r s  o f  r e c m e n d a t i o n .  
The next  obse rva t ion  i s  saneth ing  t h a t  the argument r e q u i r e s  us t o  keep 
t rack  o f :  the sentences i n  (418)-(420) have another i n t e p r e t a t i o n  t h a t  i s  
t r u e  i n  (421). 
(425) Three aqents s o l d  ( t h e )  two b u i l d i n g s  t o  e x a c t l y  two i n v e s t o r s  (each) 
'Three agents are s e l l e r s  i n  events of  ( t h e )  two b u i l d i n g s  each be ing  s o l d  t o  
e x a c t l y  two i r ~ v e s t o r s "  
(426) Three l e t t e r s  o f  recommendation from i n f l u e n t i a l  f i g u r e s  earned 
the two new graduates e x a c t l y  two o f f e r s  
'Three l e t t e r s  o f  r e c m e n d a t i o n  f rom i n f l u e n t i a l  f i g u r e s  are earners  i n  events 
o f  the  two new graduates each b e i n g  earned e x a c t l y  two o f f e r s u  
(427) Three a u t m a t i c  t e l l e r s  gave ( t h e )  two new members 
e x a c t l y  two passwords (each) 
"Three automat ic  t e l l e r s  are g i v e r s  i n  events o f  ( t h e )  two new members each 
be i ng g i  ven exact 1 Y two passwordsu 
Reca l l  t h a t  t h e i r  non-event-dependent i n t e r p r e t a t i o n s  i n  (4251-(4271, d e r i v e d  
f rom the above l o g i c a l  forms by (64c) ,  a l l o w  the th ree  i n d i v i d u a l s  r e f e r r e d  
t o  by the sub jec t  t o  be d i s t r i b u t e d  among p o s s i b l y  several  events o f  the k i n d  
descr ibed by the UP. Despi te  t h i s  al lowance, i t  happens t o  be a  s i n g l e  event 
which a l l  th ree p a r t i c i p a t e d  i n  t h a t  makes the non-event-dependent 
i n t e r p r e t a t i o n s  t r u e  i n  (421). 
That i s ,  what happens i n  each f i g u r e  i n  (421) can be no more than one event 
t h a t  has the  p r o p e r t y  ((e) i n  (4281, and because t h a t  event i nvo lves  th ree 
i n d i v i d u a l s  as INFL-ers, the  non-event-dependent i n t e r p r e t a t i o n  i s  t r u e ,  9 1 
Note t h a t  the  i n t e r p r e t a t i o n s  i n  (418)-(420) and those i n  (425)-(427) are 
conf i rmed by the same t h i n g s  i n  each o f  the f i q u r e s ,  v i z . ,  the one event t h a t  
91. The event-dependent i n t e r p r e t a t i o n s  o f  the sentences i n  (418)-(420) are 
a l s o  t r u e  i n  (4211, un less  we add t o  the c o n t e x t s  an event t h a t  f a l s i f i e s  the 
u n i v e r s a l  q u a n t i f i e r  over events.  Each f i g u r e  i n  (429) shows an event i n  
which ( t h e )  two i n d i v i d u a l s  are  each r e l a t e d  t o  e x a c t l y  two b u t  i t s  INFL-ers 
are  j u s t  one. 
4(e) .  What i s  important  f o r  us  i s  j u s t  t h i s :  (421) 's  f i g u r e s  represent  
events t h a t  @ ( e l ,  and some o f  the sentences' i n t e r p r e t a t i o n s  are t r l ~ e  i n  
(421) o n l y  because there  are such events,  Al though we develop the argument 
t h a t  se t -denota t ive  l o q i c  does n o t  c o r r e c t l y  represent  the i n t e r p e t a t i o n s  i n  
(418)-(420) ( c f .  t 60e ) ) ,  an e n t i r e l y  p a r a l l e l  argument would show t h a t  
se t -deno ta t i ve  l o g i c  a l s o  f a i l s  t o  c o r r e c t l y  represent  non-event-dependent 
i n t e r p r e t a t i o n s  such as those i n  (425)-(427). The even t - l og i ca l  
r e p r e s e n t a t i o n s  f o r  bo th  s e t s  o f  i n t e r p r e t a t i o n s  r e q u i r e  the ex is tence o f  
events t h a t  s a t i s f y  the fo rmulas  # ( e l  i n  (428). Reca l l  t h a t  these formulas 
are the k i n d  t h a t  o n l y  event l o q i c  can use ( c f .  (320) on p .  172) .  As w i l l  
be seen b e l m ,  (421) 's  f i g u r e s  have been designed so t h a t ,  a l thoush they 
c o n t a i n  one event t h a t  4 (e) ,  they c o n t a i n  none o f  the  t h i n q s ,  s e t s  i n  
p a r t i c u l a r ,  needed t o  s a t i s f y  (428) 's c o u n t e r p a r t s  i n  se t -denota t ive  l o p i c  
C (318) and (319) on p ,  172.1, (430) i s  4's coun te rpa r t  i n  the new 
l o g i c ,  and (431) i s  the coun te rpa r t  i n  the a l t e r n a t i v e  o f  n ,  71. 
(430) t ( the)2y :N ' (y ) l t2 !  N ' ( ( 2 , j ) ) l  V( (X, i> ,y , (Z , j> )  
(431) t ( t h e ) 2 y : N ' t y ) l t 2 !  N ' (Z ) I  V(X,e,y,Z) 
We n w  t u r n  t o  the second important  f a c t  about the c l a s s  o f  i n t e r p r e t a t i o n s  
which (60e) i s  an example o f .  ~ h e s e  i n t e r p r e t a t i o n s  f o r  the sentences i n  
(418)-(420) as w e l l  as  the  i n t e r p r e t a t i o n s  i n  (425)-(427) and o ther  
acceptable i n t e r p r e t a t i o n s  o f  these sentences are a l l  f a l s e  i n  the c o n t e x t s  
92 depicted i n  (4321 . 
The f i g u r e s  i n  (432) are t o  be undertood i n  the same way as those i n  ( 4 2 1 ) .  
Note t ha t  none o f  them shows two i n d i v i d u a l s  each be inq r e l a t e d  t o  exac t l y  
two i nd i v i dua l s .  (420)'s f i q u r e  shows two new members m and m on ly  one of  1  2 ' 
which, m i s  being girten exact1 y  two passwords. The new member ml i s  qiven 2  
fou r  passwords. S i m i l a r l y ,  (418)'s f i g u r e  f a i l s  t o  show two b u i l d i n q s  each 
being s o l d  t o  exac t l y  two investors ,  The f i g u r e  conta ins  on ly  two bu i l d i ngs ,  
one o f  which bl i s  s o l d  t o  fou r  investors .  I n  (422)'s f i g u r e ,  one qraduate 
g  earns fou r  o f f e r s ,  and so there i s  on ly  one graduate q2 who i s  earned 1 
exac t l y  two o f f e r s .  
The i n t e r p r e t a t i o n s  i n  (418)-(420) and (425)-(427) and t h e i r  
representat ions i n  event l o q i c  are f a l s e  i n  the contexts  o f  (432). Assumina 
t ha t  what i s  shown f o r  (420) i s  a  s i ng le  event, then there does not e x i s t  i n  
92. except the event-dependent i n t e r p r e t a t i o n ~  which are vacuously t rue  
un less we add t o  the context  a f a l s i f y i n g  event, e.g., those i n  (429) i n  n. 
91. A l l  i n t e r p r e t a t i o n s  o f  the sentences i n  (4181-(420) are f a l s e  i n  contexts 
which include the events dep ic ted i n  (432) and the d i s t i n c t  events dep ic ted 
i n  (429), I n  any care, i t  i s  easy not  t o  confuse the event-dependent 
i n t ep re ta t i ons  w i t h  the others.  
t h a t  con tex t  an event i n  which ( t h e )  two new members are each q iven e x a c t l y  
two passwords, and so (420) and (427) are f a l s e ,  These i n t e p r e t a t i o n s  o f  the 
o ther  sentences are f a l s e  f o r  the same reason, when what i s  shown f o r  each o f  
them i s  a  s i n g l e  euent.  There i s  no event i n  which ( t h e )  two i n d i v i d u a l s  are 
each r e l a t e d  t o  e x a c t l y  two. I n  the s i n g l e  event shown, one o f  them i s  
r e l a t e d  t o  f o u r .  
Now observe t h a t  one cannot o b t a i n  c o n t e x t s  i n  which these sentences are 
t r u e  by reg roup ing  what happened i n  (432) i n t o  c o n t e x t s  each w i t h  two events,  
as i n  (433) f o r  example: 
The reg roup ing  c r e a t e s  o n l y  one event ,  the lower one, i n  which ( t h e )  two 
i n d i v i d u a l s  are each b e i n g  r e l a t e d  t o  e x a c t l y  two; bu t  i t  i s  no t  brouqht  
about by th ree i n d i v i d u a l s .  (420) 's  f i g u r e  i n  (433) c o n t a i n s  two events, one 
o f  which i s  an event i n  which ( t h e )  two new members are each q iven  exact?^ 
two passwords; b u t  t h a t  euent's g i v e r s  are  n o t  th ree automat ic  t e l l e r s .  They 
are o n l y  two t e l l e r s ,  a and a  There fore ,  the i n t e r p r e t a t i o n s  i n  ( 4 2 0 1  and 2 3 ' 
(427) remain f a l s e .  The o the r  sentences behave s i m i l a r l y  i n  the con tex ts  o f  
(433) . 
We can thus  say something somewhat s t ronger  about these sentences. They 
are f a l s e  i n  any domain o f  events  d e r i v e d  f rom what happened i n  (432) or  
( 4 3 3 1 ~ ~ ' ~ ~  I t  i s  obvious t h a t  the l o q i c a l  forms i n  (418)-(420) and i n  
(425)-(427) represent  i n t e r p r e t a t i o n s  f a l s e  i n  (432) and ( 4331 ,  as r e q u i r e d .  
Thus, the event l o g i c ' s  r e p r e s e n t a t i o n s  are c o r r e c t  w i t h  respect  t o  the two 
f a c t s  observed, t r u t h  i n  (421) and f a l s i t y  here i n  (432) and (433).  
Having in t roduced  these f a c t s  about i n t e r p r e t a t i o n s  such as the one 
paraphrased i n  (60e1, l e t  us  now r e t u r n  t o  se t -deno ta t i ve  l o q i c  t o  consider  
how i t  a t tempts  t o  represent  them. For convenience, we w i l l  develop j u s t  one 
o f  the  examples f o r  which we have cons t ruc ted  the  s i t u a t i o n s  i n  (421). (432)  
and (433): 
(420) Three automat ic  t e l l e r s  gave ( t h e )  two new members 
e x a c t l y  two passwords (each) 
93. Chapter 3,  e s p e c i a l l y  sec. 3.4,  p o i n t s  ou t  t h a t  what happens i n  the 
w o r l d  can be taken t o  correspond t o  d i f f e r e n t  domains o f  events i n  d i f f e r e n t  
contex ts .  
94, F a l s i f y i n g  the event-dependent i n t e r p r e t a t i o , : ~  r e q u i r e s  any o f  these 
c o n t e x t s  t o  i nc lude  events l i k e  those i n  n. 91. 
T h i s  i n t e r p r e t a t i o n  o f  (420) r e q u i r e s  t h a t  ( t h e )  two new members each be 
r e l a t e d  t o  e x a c t l y  two passwords. Thus, ' ( t he )  two new membersR must b i n d  a  
v a r i a b l e  over i n d i v i d u a l  o b j e c t s  and inc lude  w i t h i n  i t s  scope Y e x a c t l y  two 
passwords'. We a l l o w  " e x a c t l y  two passwords' t o  b i n d  e i t h e r  a  v a r i a b l e  over 
i n d i u i d u a l  o b j e c t s  o r  a  v a r i a b l e  over se ts .  As f o r  ' t h ree  automatic 
t e l l e r s ' ,  t he  i n t e r p r e t a t i o n  i s  about j u s t  t h ree  automat ic  t e l l e r s ,  and so 
' t h ree  automat ic  t e l l e r s 8  cannot be w i t h i n  the scope o f  ' ( t h e )  two new 
members'. We a l l w  ' t h ree  automat ic  t e l l e r s '  t o  b i n d  c i  t he r  a  v a r i a b l e  over 
i n d i v i d u a l  o b j e c t s  o r  a v a r i a b l e  over s e t s ,  and we w i l l  consider  severa l  ways 
i n  which i t s  i n t e p r e t a t i o n  can i n t e r a c t  w i t h  t h a t  o f  " ( t h e )  two new membersu, 
i n c l u d i n g  the fo rma t ion  o f  a b i n a r y  q u a n t i f i e r .  I n  s h o r t ,  any p o s s i b l e  
l o g i c a l  form i n  se t -deno ta t i ve  l o g i c  f o r  the r e l e v a n t  i n t e r p r e t a t i o n  must 
conform t o  (434). 
(434) 3  a t rs4a l l  ; t<the)2(y) :nw m b r ( y ) I  
2!  psswrds(a2) atms(al) gave nw mnbrty)  p s w r d s ( a  2 j 
I t  i s  some k i n d  o f  q u a n t i f i c a t i o n a l  c losu re  by ' t h ree  automatic t e l l e r s u  and 
' ( t he )  two new members' o f  a  fo rmula  f r e e  i n  a  v a r i a b l e  over i n d i v i d u a l  
ob jec ts ,  y, bound by  " ( t h e )  two new members', and a  v a r i a b l e  over s e t s  or 
over i n d i v i d u a l s ,  gl, bound by " t h r e e  automat ic  t e l l e r s ' .  
- 
Recal l  a l s o  t h a t  the p o l y a d i c  atomic p r e d i c a t e s  o f  se t -denota t iue  t o q i c  
express t r u e  r e l a t i o n s .  (434) s tands f o r  l o g i c a l  forms t h a t  con ta in  any one 
o f  f o u r  atomic p red ica tes .  These have among t h e i r  t r u t h  c o n d i t i o n s  a t  l e a s t  
the f o l l o w i n g :  
(435) 'automatic t e l l e r ( a >  g i v e  new rnember(m1 password(p)' i s  t r u e  i f f  
i .  ( r e l a t i o n a l  s t r )  automat ic  t e l l e r  a q i v e s  new member m_ password p , . . .  
(436) 'automatic t e l l e r ( a 1  g i v e  new member(m1 passwords(P)' i s  t r u e  i f f  
i .  ( r e l a t i o n a l  s t r )  automat ic  t e l l e r  a g i v e s  new member m passwords P... 
(437) 'automat ic  t e l l e r s ( A 1  g i v e  new member(m1 password(pIa i s  t r u e  i f f  
i .  ( r e l a t i o n a l  s t r )  automat ic  t e l l e r s  A_ g i v e  new member m_ password p , . . .  
(438) 'automatic t e l l e r s ( A 1  g i v e  new member(m1 passwordstP)' i s  t r u e  i f f  
i .  ( r e l a t i o n a l  s t r )  automat ic  t e l l e r s  A_ g i v e  new member m passwords P.., 
Note t h a t  the new l o g i c ' s  r e p r e s e n t a t i o n s  f o r  t h i s  i n t e r p r e t a t i o n  conform t o  
(434) ( C f .  (333)) and the  t r u t h  c o n d i t i o n s  f o r  i t s  atomic p r e d i c a t e s  are 
ins tances o f  e i t h e r  (437) o r  (438) (Cf ,  (417)) :  
(439) a: 
13 a tms(<X, i ) ) l t i the)2y :nw m n b r ( y ) l 1 2 ! z : p s s w r d o 1  atrns((X,i)) gave nw mmbr(r1 
psswrd( z) 
b: 
13 a t m s ( < X , i ~ ) I t ( t h e ) 2 y : n w  n m b ~ ( y ) l C 2 !  psswrds (<Z , j ) ) l  a tms( (X, i ) j  gave nw m b r ( y 1  
psswrdsi ( 2 ,  j > )  
(440) a. 'automatic P e l l e r s t < A , i ) )  g i v e  new membertm) password<p)" i s  t r u e  i f f  
i .  ( r e l a t i o n a l  s t r )  automat ic  t e l l e r s  A g i v e  new member m p a s w o r d  p ,  and 
(event  s t r )  i i .  automat ic  t e l l e r s  A g i v e  new member m password p a t  i ,  and 
i i i .  f o r  a11 s e t s  X,Y and 2 ,  
i f  automat ic  t e l l e r s  X q i v e  new member Y password Z a t  i ,  then XCB. 
b. 'automat ic  t e l l e r s t < A , i ) )  g i v e  new mernber(m1 ?assword((P, j>)"  i s  t r u e  i f3 
i ,  ( r e l a t i o n a l  s t r )  automat ic  t e l l e r s  A q i v e  new member m password P,  and 
(event  s t r )  i i .  i=j, 8 automat ic  t e l l e r s  A g i v e  new member m password P a t  i ,  
and i i i .  f o r  a l l  s e t s X , Y  and.2, 
i f  automat ic  t e l l e r s  X g i ve  new member Y password Z a t  i ,  then XC.A and ZCP, 
We w i l l  now see t h a t  the l o g i c a l  forms conforming t o  (434) f a i l  t o  
represent  the  intended i n t e p r e t a t i o n  o f  (420) and s i m i l a r  i n t e r p r e t a t i o n s  o f  
other  sentences. The l o g i c a l  forms conforming t o  (4341 are d i v i d e d  i n t o  two 
cases, d iscussed separa te l y  i n  sec. 6.3.3.1 and sec. 6.3.3.2. I n  the f i r s t  
case, those l o g i c a l  forms w i t h o u t  a  b i n a r y  q u a n t i f i e r ,  i n c l u d i n g  the re fo re  
a l l  the forms i n  the new l o g i c ,  a re  shown t o  rep resen t  i n t e r p r e t a t i o n s  t h a t  
a rc  f a l s e  i n  the con tex t  t h a t  i nc ludes  (421) and ( 4 2 ~ ) ~ ~ .  The second case 
inc ludes  the l o g i c a l  forms conforming t o  (434) i n  which " three automatic 
t e l l e r s "  and " ( t h e )  two new membersu form a  b i n a r y  q u a n t i f i e r .  I n  sec. 
6.3.3.2, we w i l l  see, w i t h  the q u a l i f i c a t i o n s  noted there ,  t h a t  those l o p i c a l  
forms which o b t a i n  t r u t h  i n  (421) through a  b i n a r y  q u a n t i f i e r  a l s o  o b t a i n  i t  
The l o g i c a l  forms i n  the f i r s t  case inc lude  a l l  p o s s i b l e  cho ices  f o r  the 
types o f  v a r i a b l e s  found i n  p o s i t i o n s  a1 and a2 i n  (441). 
(441) 3 atms(al) C( the) l (y) :nw m b r ( y ) l  2!  psswrds(a21 atms(al) qave nw mmbr(y) 
psswrds(a ) 2 
We d iscuss  the  most i n t e r e s t i n q  cho ice  where, they are both  v a r i a b l e s  over 
se ts :  
(442) 13 atms~X)lCthe2y:nw mrnbr(y)lC2! psswrds(2) I  atms(X1 gave nw m b r ( y : )  
psswrds(Z1 
Keep i n  mind t h a t  the formula i n  (442) i s  p a r t  o f  our general way o f  t a l k  i nq 
about se t -denota t ive  l o g i c  which i s  i n d i f f e r e n t  t o  whether there  i s  a l s o  a  
p lace f o r  events.  
99. As i n  n.91, the con tex t  i nc ludes  (429) j u s t  t o  f a l s i f y  the i r r e l e v a n t  
event-dependent i n t e r p r e t a t i o n  o f  (420). 
We have s e t  as ide  events and t h e i r  i n t e r a c t i o n s  w i t h  s e t s  and i n d i v i d u a l  
o b j e c t s  i n  order  t o  i nc lude  i n  our d i scuss ion  any se t -deno ta t i ve  l o q i c  t h a t  
makes the minimal assumption t h a t  atomic p r e d i c a t e s  w i t h  p laces f o r  s e t s  and 
i n d i v i d u a l  o b j e c t s  express t r u e  r e l a t i o n s  between them. A s  i n  (435)-(430) 
(p.2201, the atomic p r e d i c a t e  "automat ic  t e l l e r s ( X )  g i v e  new member(y) 
passwords(2)' i s  t r u e  o f  automat ic  t e l l e r s  ~4, new member m and passwords P 
o n l y  i f  A g i v e  g P. I n  t h i s  sense, the i n t e r p r e t a t i o n  o f  an atomic p r e d i c a t e  
i n  any se t -deno ta t i ve  l o g i c  expresses a  t r u e  r e l a t i o n  among s e t s  and 
i n d i v i d u a l  ob jec ts ,  whatever e lese i t  may say about events.  So i n  the new 
l o g i c ' s  t440b) (p.2201, the atomic p r e d i c a t e  'automatic t e l l e r s ( ( X , i ) )  g i ve  
new member(y) passwords((Z, j))"  i s  t r u e  o f  automat ic  t e l l e r s  e,, new member m,, 
passwords P and event i o n l y  if @ g i v e  m_ P. Xn the f o l l a w i n q  d i scuss ion ,  we 
show t h a t  i f  a  l o g i c a l  form i n  se t -denota t ive  l o g i c  i s  f r e e  o f  n-ary 
q u a n t i f i e r s  and i t s  atomic p r e d i c a t e  expresses a t r u e  r e l a t i o n ,  then i t s  
9 6 i n t e r p r e t a t i o n  i s  n o t  t r u e  i n  the con tex t  t h a t  i nc ludes  (421) and (429) . 
That i n t e r p r e t a t i o n  o f  (420) which i s  t r u e  i n  t h i s  contex t  i s  t he re fo re  not  
represented w i t h i n  any such se t -deno ta t i ve  l o g i c .  The se t -denota t ive  syntax,  
the absence o f  n-ary q u a n t i f i e r s  and the  express ion o f  t r u e  r e l a t i o n s  are 
together  s u f f i c i e n t  f o r  any r e s u l t i n g  i n t e r p r e t a t i o n  t o  have t r u t h  c o n d i t i o n s  
t h a t  make i t  f a l s e  i n  the con tex t  o f  (421) and (429).  
We now show t h a t  no s e t  o f  automat ic  t e l l e r s  i n  (421) s a t i s i f i e s  the 
fo rmula  i n  (443): 
(443) tthe2y:nw m b r ( y ) l l 2 !  psswrds(Z) l  atms(X1 gave nw mmbr(y> psswrds(2:) 
96. A s  i n  n.91, the  con tex t  i nc ludes  (429) j u s t  t o  f a l s i f y  the i r r e l e v a n t  
event-dependent i n t e r p r e t a t i o n  o f  (420). 
We consider  those p a i r s  o f  a se t  o f  automat ic  t e l l e r s  and an , i_?djvidu.al new 
member t h a t  s a t i s f y  the fo rmula  i n  (444): 
(444)[2!  psswrds(2) I  atms(X) gave nw mmbr(y1 psswrds t t )  
(4451 atms(X) g i v e  nw mmbr(y1 psswrds(2) 
We need t o  consider  f o r  each o f  the new members i n  (421) which automatic 
t e l l e r s  gave him two passwords. There are o n l y  two p a i r s  s a t i s f y i n g  the 
formula:  ({all,mll and d{a2,a31,m2). The f i r s t  automat ic  t e l l e r  gave the 
f i r s t  new member h i s  two passwords. T h i s  s t a t e  o f  a f f a i r s  c o n t r i b u t e s  t o  the 
ex tens ion o f  the atomic p r e d i c a t e  (4451 the th ree  t r i p l e s  i n  (4461, where i t  
can be observed t h a t  a and ml are  r e l a t e d  by e x a c t l y  two passwords. 1 
(4461 < {al 1 ,ml , {pl 11, ( { a  1 ,ml, {p21), ( { a  1 ,mi, {pl ,p211 1 1 
The second new member was g iven one o f  h i s  passwords by the second automatic 
t e l l e r  and the o ther  password by the  t h i r d  t e l l e r ,  Thus, they,  the two 
automat ic  t e l l e r s  gaue t h a t  new member the  two passwords. R e f l a c t i n g  what 
happened t o  the  second new member, the ex tens ion o f  (445) a l s o  con ta ins  the 
t r i p l e s  i n  (447): 
t 447) ({a2,a33,m2,<p3,p41)' t(a23,m2,<p31), ((a31,m 2 '  (p,)) . 
One o f  the s e t s  o f  automatic t e l l e r s ,  {a2,a31, i s  r e l a t e d  t o  m2 by e x a c t l y  
two passwords thus account ing  f o r  the o the r  p a i r  t h a t  s a t i s f i e s  (444).  
Among the p a i r s  t h a t  f a i l  t o  s a t i s f y  (4441, we shou ld  ment ion i n  p a r t i c u l a r  
a a a , m i  and a 1 , a 2 , a 3 3 m 2  Note t h a t  the  second and t h i r d  1 2 3  
automat ic  t e l l e r s  had n o t h i n g  t o  do w i t h  g i v i n g  the f i r s t  new member 
passwords, and the f i r s t  automat ic  t e l l e r  had n o t h i n g  t o  do w i t h  the second 
new member. 97 Hence, (445) accord ing t o  (438) i s  n o t  t r u e  o f  (a1 ,a2,a3) and 
97. As war f i r s t  p o i n t e d  ou t  i n  n. 87, the p o i n t  i s  n o t  t o  deny t h a t  an 
atomic p r e d i c a t e  such as (445) may have a usage accord ing t o  which a s e t  o f  
automat ic  t e l l e r s  i s  cons idered through some n o t i o n  o f  c o l l e c t i v e  a c t i o n  t o  
have g iven a  new member passwords even though s m e  o f  the t e l l e r s  do no t  
appear t o  p a r t i c i p a t e .  I n  n, 87, we s h w e d  hau f o r  any g iven c o l l e c t i v e  
i n t e r p r e t a t i o n  o f  the atomic p r e d i c a t e ,  we can r e c o n s t r u c t  the con tex t  
represented by a  f i g u r e  l i k e  (421) so t h a t  indeed automat ic  t e l l e r  a  does 
n o t  p a r t i c i p a t e  i n  a c o l l e c t i v e  a c t i o n  towards new member m2, and aulomat ic  
t e l l e r  a and a3 do n o t  p a r t i c i p a t e  i n  any c o l l e c t i v e  a c t i o n  towards new 2 member ml. 
As i n  n. 87, the argument i n  the  t e x t  w i l l  app ly  t o  any p r e d i c a t e  "#(X,c,Dl '  
i n  the p lace o f  (445) which f a i l s  t o  have the p r o p e r t y  t h a t  i f  *#(X,c,D)" i s  
t rue ,  '4(X',c,D)' i s  t r u e  f o r  any superset  X' o f  X. The s imples t  examples o f  
such p r e d i c a t e s  are those whose i n t e r p r e t a t i o n s  have oomethinq f o r  every 
i n d i v i d u a l  i n  X t o  do. We have thus  t r i e d  t o  p r o v i d e  examples w i t h  as 
p h y s i c a l  o r  mechanical an i n t e r p r e t a t  i on  as p o s s i b l e ,  
The f i g u r e  i n  (421) rep resen ts  mechanical i n t e r a c t i o n s  between i n d i v i d u a l  
member, password and automat ic  t e l l e r .  We have a l ready  s e t  up the con tex t  i n  
i t s  f u l l  d e s c r i p t i o n  on p. 211, t o  a n t i c i p a t e  and d iscourage the more 
obvious c o l l e c t i v e  i n t e r p r e t a t i o n s  o f  the atomic p r e d i c a t e  i n  (445). Reca l l  
t h a t  t h i  t e l l e r s  may be t r a n s m i t t i n g  passwords f o r  any number o f  Christmas 
c l u b s  a t  any number o f  d i f f e r e n t  banks. We can s p e c i f y  t h a t  i n  f a c t  the two 
new members are  e n r o l l i n g  i n  d i f f e r e n t  c l u b s  a t  d i f f e r e n t  banKs; and so the 
automat ic  t e l l e r s  are n o t  work ing  w i t h  each o t h e r .  I t  i s  f a l s e  t h a t  the 
th ree  au tamr t i c  t e l l e r s  g i v e  new member m p a s w o r d s  p i  and p or t h a t  they 
g i  v r  new member m passwords p  and p4. +he p a i r s  ( (al , t2,  a  3 ,mi ) and 
( (a  ,a ,a  1,. wauld s t i l l  fay1 t o  s a t i s f y  the fo rmula  i n  t j 4 4 )  even i f  
~ h r ? s t 8 a s ~ c l  U&S had c o l  l e c  t i ve agents. 
I t  s u f f i c e s  f o r  the  argument i n  the t e x t  t h a t  some i n t e r p r e t a t i o n  o f  (445) 
and some con tex t  represented by (421) i s  such t h a t  the j u s t  mentioned p a i r s  
do n o t  s a t i s f y  (445). Now l o o k i n q  more c l o s e l y  a t  c o l l e c t i v e  i n t e r p r e t a t i o n s  
f o r  (445)  f o r  t h e i r  own sake, 1 t h i n k  many atomic sentences t h a t  would a t  
f i r s t  appear t r u e  under a  c o l l e c t i v e  i n t e r p r e t a t i o n  o f  the p r e d i c a t e  are 
q u i t e  odd when severa l  aspects o f  the g i ven  con tex t  are considered.  We have 
supposed t h a t  the  second new member's two passwords e n r o l l  him i n  one 
p a r t i c u l a r  Christmas c l u b .  The c o l l e c t i v e  i n t e r p r e t a t i o n  we are imaqin inq 
f o r  (445) seems a t  f i r s t  t o  make i t  t r u e  t h a t  the second and t h i r d  automat ic  
t e l l e r s  g i ve  him password p3 and t h a t  they ~ i v e  him password pq. The 
extens ion o f  (445) would i n  a d d i t i o n  t o  the l i s t  i n  (447) con ta in  the t r t p l e s  
i n  (448). 
Now r e c a l l  t h a t  the  l o c a t i o n  served by the th ree  automat ic  t e l l e r s  houses 
many t e l l e r s .  Suppose t h a t  q u i t e  a  few o f  the  o the r  automat ic  t e l l e r s  serve 
---------- 
the same Christmas c l u b  t h a t  m  i s  be inq  e n r o l l e d  i n .  The c o l l e c t i v e  
i n t e r p r e t a t  ion  o f  g i v i n g  passwards t o  new members i n  t h a t  Christmas c l u b  i s  
c e r t a i n l y  t r u e  o f  a l l  the automat ic  t e l l e r s  a t  t h a t  l o c a t i o n  work inq  f o r  t h a t  
Christmas c l u b ,  among which t e l l e r s  a2 and a3 are j u s t  two. 
Consider i n  p a r t i c u l a r  new member m  and password p  . Concerning the 
mechanical d e t a i l s  o f  the s i t u a t i o n !  automat ic  t e l l &  a2 and o n l y  t h a t  t e l l e r  
g i v e s  t h a t  member t h a t  password. Concerning c o l l e c t i v e  a c t i o n ,  i t  i s  t r u e  
t h a t  a11 the automat ic  t e l l e r s  work ing  f o r  t h a t  Chr is tmas c l u b  g i v e  t h a t  
member t h a t  password. What seems t o  be an odd d e s c r i p t i o n  o f  the c o l l e c t i v e  
a c t i o n  i n  t h i s  con tex t  i s  t o  a s s e r t  f o r  any proper  subset ( t h a t  inc ludes a 2 i  
o f  the t e l l e r s  work ing  f o r  t h a t  Christmas c l u b  t h a t  they as we1 I gave t h a t  
member t h a t  password. D e s c r i b i n g  the  same t h i n g  t h a t  happened t o  member mp 
and password p we would have a  sequence o f  t r u e  atomic sentences 
paraphrased b y f ' t h e y ,  (a ,a 1, g iue  i t  t o  him, they,  {a  , a .  1 gave i t  t o  him, 
they,  {a  ,... 1 g i v e  i t  ?o fiim ..., supp ly ing  a l o n g  1  is?! 01 d i f f e r e n t  
c o l  l e c t  iae  a r c n t s  f o r  the same event.  T h i s  .does n o t  sound c o r r e c t .  
Any g i ven  c o l l e c t i v e  i n t e r p r e t a t i o n  has some p r i n c i p l e  P d e f i n i n q  which 
c o l l e c t i o n s  are  c o l l e c t i v e  agents. I n  any g i ven  c o n t e x t ,  i t  seems t h a t  a  
c o l l e c t i v e  agent i s  always a  maximal s e t ,  c o n t a i n i n g  a l l  the i ~ d i v i d u a l s  i n  
t h a t  con tex t  r e l a t e d  by P. For the c o l l e c t i v e  i n t e r p r e t a t i o n  o f  (445),  a 
c o l l e c t i v e  agent i s  a l l  the  t e l l e r s  a t  t he  l o c a t i o n  t h a t  work f o r  a  
p a r t i c u l a r  Chr is tmas c l u b ,  A  d i f f e r e n t  Chr is tmas c l u b  corresponds t o  a  
d i f f e r e n t  c o l l e c t i u e  agent,  unique f o r  t h a t  c l u b  i n  t h e , q i v e n  con tex t .  I f  
so, t he  ex tens ion o f  (445) i n  t h i s  con tex t  does no t  c o n t a i n  the t r i p l e s  i n  
(448) w e n  under i t s  c o l l e c t i v e  i n t e r p r e t a t i o n .  (448) i s  rep laced  by (4491, C i n  which A i s  the  t r u e  c o l l e c t i v e  agent-- a l l  the t e l l e r s  a t  the locat i ,on  
work inq  90r Christmas c l u b  C. 
Now r e c a l l  a  f u r t h e r  d e t a i l  f rom the o r i g i n a l  d e s c r i p t i o n  o f  t h i s  con tex t .  A 
new member who e n t e r s  the  l o c a t i o n  can use any o f  the automat ic  t e l l e r s  t o  
o b t a i n  one password a t  a  t ime f rom any Christmas c l u b .  None o f  the t e l l e r s  
are ded ica ted t o  any c lubs .  They f u n c ? i o n  i n d i s c r i m i n a t e l y ,  l i k e  
telephones. The sentence i n  (420) i s  j u s t  a  r e p o r t  o f  th ree automat ic  
t e l l e r s  b e i n g  u  ed when two new members each e n r o l l  i n  a  Christmas c l u b .  I n  C t h i s  con tex t ,  A cannot be a  proper subset o f  the automat ic  t e l l e r s  a t  t h a t  
l o c a t i o n .  A l l  the a u t a n a t i c  t e l l e r s  are e q u a l l y  ded ica ted t o  Christmas c l u b  
C.  The con tex t  i s  s e t  up t o  t r y  t o  keep one f rom f i n d i n g  a  n o t i o n  o f  
c o l l ~ c t i v e  agent t h a t  p i c k s  ou t  d i f f e r e n t  groups o f  t e l l e r s  w i t h i n  t h a t  
l o c a t i o n .  O f  course, one can s t i l l  imagine a  c o l l e c t i v e  i n t e r p r e t a t i o n  o f  
(445) about the c o l l e c t i v e  a c t i o n  o f  the automat ic  t e l l e r s  a t  a g iven 
l o c a t i o n .  They are  cons idered t o  have g iven a  new member a  password i f  the 
new member i s  g i ven  the  password a t  t h e i r  l o c a t i o n .  The g iven con tex t  then 
c o n t a i n s  j u s t  one c o l l o c t i v e  agent,  and i t  i s  a  proper superset o f  
a  a  a  1. Under t h i s  c o l l e c t i v e  i n t e r p r e t a t i o n ,  the  ex tens ion of (445) i n  
(4$1 )2~081d  inc lude  none o f  the t r i p l e s  found i n  preced ing examples, t h e i r  
f i r s t  members b e i n g  rep laced  by the  s e t  o f  a l l  automat ic  t e l l e r s  a t  the 
l o c a t i o n .  However sentences such as those i n  (4501, which are no t  about a l l  
m f o r  any se t  o f  passwords P ,  and i t  i s  n o t  t r u e  o f  (al,a2,a3) and m f o r  1  2 
any s e t  o f  passwords P. 
As we have J u s t  seen, the o n l y  p a i r s  i n  (421) s a t i s f y i n g  the formula i n  
(444) are t(ai),ml) and d(a2,a31,m2). Obviously,  t he re  i s  no se t  o f  
automat ic  t e l l e r s  t h a t  p a i r s  w i t h  two new members t o  s a t i s f y  (444).  ( a l l  
appears i n  a p a i r  w i t h  o n l y  one new member m and (a2,a3) i s  a l s o  p a i r e d  1  ' 
w i t h  o n l y  one new member m2. Thus, the re  i s  no s e t  o f  automat ic  t e l l e r s  t h a t  
s a t i s f i e s  the fo rmula  i n  (4431, f rom which i t  f o l l o w s  t h a t  (442) i s  f a l s e  i n  
(421). Note t h a t  i t s  f a l s i t y  i n  ( 4 2 f )  does no t  depend on whether we choose 
t o  i n t e r p r e t  the q u a n t i f i e r  "13 atms(X)Im as hav ing  d i v i d e d  re fe rence  ( i , e . ,  
accord ing t o  t l S b ) ,  (304b) or  (314b) i n  the  v a r i o u s  se t -deno ta t i ve  l o q i c s j  o r  
und iv ided  re fe rence  ( i .e . ,  accord ing t o  ( l S a ) ,  (304a) or  (314a)) .  D i v i d e d  
re fe rence  p e r m i t s  the  th ree  automat ic  t e l l e r s  t o  be d i s t r i b u t e d  among 
p o s s i b l y  d i f f e r e n t  s e t s  o f  t e l l e r s  t h a t  s a t i s f y  (4431, and und iv ided  
r e f e r ~ n c e  r e q u i r e s  t h a t  t he re  be a  s e t  o f  t h ree  automat ic  t e l l e r s  s a t i s f y i n s  
(443). Since, the re  a re  no s e t s  i n  (421) s a t i s + y i n q  (443),  bo th  
i n t e r p r e t a t i o n s  are f a l s e .  9 8 
---------- 
the automat ic  t e l l e r s  a t  the l o c a t i o n ,  have i n t e r p r e t a t i o n s  t h a t  are t r u e  i n  
the  g i ven  c o n t e x t .  [ O f  course (420) a l s o  has a  t r u e  i n t e r p r e t a t i o n ;  bu t  
s ince  we are showifiq t h a t  i t  cannot be represented by a  l o g i c a l  form 
c o n t a i n i n g  (4451, we c i t e  the s imple  sums o f  p l u r a l s  i n  ( 4 5 0 j . l  
(450) The two automat ic  t e l l e r s  a2 and a3 gave the second new member two passwords. 
The th ree  automat ic  t e l  l e r s ,  a  a2 and a3, gave the two new members 
the f o u r  passwords. 
But,  then the t r u t h  o f  those i n t e r p r e t a t i o n s  i n  the  q iven contex t  must no t  
depend on an i n t e r p r e t a t i o n  o f  the a t a n i c  p r e d i c a t e  t h a t  uses a n o t i o n  o f  
c o l  1 ec t i ve agency. 
98. The event-dependent i n t e r p r e t a t i o n  o f  " t 3  a tms(X) Im( t16a) ,  (305a)  or 
(314a)),  which says t h a t  any s e t  t h a t  s a t i s f i e s  (443) i s  th ree automat ic  
t e l l e r s ,  i s  vacuously t r u e  i n  (421) un less  we add t o  the contex t  the 
As remarked e a r l i e r ,  (442) i s  the most i n t e r e s t i n g  ins tance o f  (441).  
Other l o g i c a l  forms are  ob ta ined  by l e t t i n g  gl or  a be a v a r i a b l e  over 
- -2 
i n d i v i d u a l  ob jec ts .  I t  shou ld  be c l e a r  t h a t  t h i s  w i l l  have an e f f e c t  
equ iva len t  t o  e l i m i n a t i n g  f rom the ex tens ion o f  (445) those t r i p l e s  t h a t  
c o n t a i n  non-s ing le ton s e t s  o f  automat ic  t e l l e r s  o r  those t r i p l e s  t h a t  c o n t a i n  
non-s ing le ton s e t s  o f  p r r suo rds .  Then, these Other l o g i c a l  forms w i l l  a l s o  
represent  i n t e r p r e t a t i o n s  f a l s e  i n  (421) .  Since,  what f a l s i f i e s  (4421, u i z . ,  
no t  enough automat ic  t e l l e r s  i n  s e t s  r e l a t e d  t o  more than one new member, 
remains t r u e  when the  ex tens ion o f  (445) i s  f u r t h e r  reduced, 
The sentence i n  (4201 has an i n t e r p r e t a t i o n ,  represented i n  event l o g i c  by 
the l o g i c a l  fo rm i n  (4201, which i s  t r u e  i n  the con tex t  dep ic ted  i n  (421) 
(and i n  the con tex t  j o i n t l y  d e p i c t e d  i n  (421) and (429) ) .  Any se t -deno ta t i ve  
l o g i c a l  form f o r  t h i s  i n t e r p r e t a t i o n  would conform t o  (434). I n  the f i r s t  
case, we have cons idered a l l  such l o g i c a l  forms t h a t  do no t  c o n t a i n  n-ary 
q u a n t i f i e r s ,  those conforming t o  (441). We have seen t h a t  none o f  these 
c o r r e c t l y  rep resen ts  the  in tended i n t e r p r e t a t i o n  o f  (420). T h e i r  f a i l u r e  i s  
they are t r u e  o n l y  i f  th ree  automat ic  t e l l e r s  each be long t o  some se t  or 
another t h a t  g i v e s  two passwords t o  each o f  the two new members. I n  (4211, 
there  i s  no s e t  r e l a t e d  t o  the  i n d i v i d u a l  new members i n  t h i s  way. Note 
however t h a t  the f i g u r e  i n  (421) i s  an event i n  which the two new members are 
each g iven e x a c t l y  two passwords and the g i v e r s  i n  t h a t  event are th ree 
automat ic  t e l l e r s .  T h i s  i s  s u f f i c i e n t  f a r  the r e l e v a n t  i n t e r p r e t a t i o n  o f  
---------- 
f a l s i f y i n g  event i n  (429) i n  n. 91. T h i s  w i l l  add t o  the ex tens ion o f  (444) 
the  p a i r s  ( { a  1,m ) and ( { a  3,mq), b u t  t he re  are s t i l l  no t  th ree automhtic 
t e l l e r s  i n  se?s s i t i s + y i n g  ?443), and so the o ther  i n t e r p r e t a t i o n s  of (442) 
remain f a l s e .  
(420) t o  be t r u e ,  and f o r  i t s  r e p r e s e n t a t i o n  i n  event l o q i c .  
The second care o f  l o g i c a l  forms conforming t o  (434) i nc ludes  those i n  
which the  outermost q u a n t i f i e r s  form a b i n a r y  q u a n t i f i e r  (see sec. 2.4.1.>. 
(451) 13 a tmr~a l ) lX1 t the )2y rnw m b r t y ) l  2! psswrdr(a2) atms(al) g i v e  nw mmbr(y) 
psrwrds(a2)  
Since o the r  cho ices  f o r  a and a2 i n  f a c t  l e a d  t o  i n t e r p r e t a t i o n s  f a l s e  i n  1 
(421), we w i l l  need t o  d i scuss  o n l y  t h a t  ins tance o f  (451) where both  a1 and 
a are  v a r i a b l e s  over se ts :  2 
(452) 13 atrns(X)1XC(the)2y:nw mmbr(y)l 12! p s w r d s ( Z > I  atms(X) q i v e  nw mmbr(y) 
psswrds(Zj 
As i n  the  preced ing s e c t i o n ,  we w i l l  a t  f i r s t  suppress q u a n t i f i c a t i o n  over 
events and cons ider  any i n t e r p r e t a t i o n  f o r  the b i n a r y  q u a n t i f i e r  t h a t  
i nc ludes  a t  l e a s t  the  t r u t h  c o n d i t i o n s  i n  (453):  
(453) '13 atmstX)IX1(the) i l~ :new member(y)I @(X,Y)"  i s  t r u e  i f  and o n l y  i f  f o r  
s e t s  Cl, ..., Ck the  un ion o f  which i s  th ree  automat ic  t e l l e r s ,  and 
i n d i v i d u a l s  dl, ..., dk who are  ( t h e )  two new members, ' 4 ( C i , d i ) '  i s  t r u e  f o r  
~ o t e '  t h a t  (453) a l l o w s  the b i n a r y  q u a n t i f i e r  t o  d i v i d e  i t s  re fe rence  amonq 
severa l  s e t s  of automat ic  t e l l e r s ,  9 9 
99. We need no t  cons ider  und iv ided  re fe rence  f o r  the b i n a r y  q u a n t i f i e r ,  as i n  
( I ) .  I n t e r p r e t i n q  the  b i n a r y  q u a n t i f i e r  i n  (452) t o  have und iv ided  re ference 
t o  s e t s  o f  automat ic  t e l l e r s  r e s u l t s  i n  an i n t e r p r e t a t i o n ,  equ iva len t  t o  
those i n  the  preced ing sec t i on ,  which i s  f a l s e  i n  (421). 
The b i n a r y  q u a n t i f i e r  i n  (453) a l l o w s  the  se t -deno ta t i ve  l o q i c  t o  escape 
the d i f f i c u l t y  undermining the l o g i c a l  forms of the  preced ing s e c t i o n .  ( 4 5 2 )  
i n t e r p r e t e d  accord ing t o  (453) w i l l  n o t  r e q u i r e  the re  t o  be a  se t  o f  
au tuna t i c  t e l l e r s  t h a t  g i v e r  bo th  new mhmber~ t h e i r  passwords. I t  s u f f i c e s  
f o r  v a r i o u s  s e t s  t o  c o n t r i b u t e  t o  t h i s  s t a t e  o f  a f f a i r s  i f  they are toqether  
th ree automat ic  t e l l e r s ,  The b i n a r y  q u a n t i f i e r  a l s o  appears t o  represent  
t h a t  p a r t  of the r e l e v a n t  i n t e r p r e t a t i o n  o f  (420) which says t h a t  the two new 
members are each g i ven  e x a c t l y  two passwords. The q u a n t i f i e r  Q x a c t l y  two 
passwords' has narrow scope i n  (452) and the v a r i a b l e  y. bound by the b i n a r y  
q u a n t i f i e r  i s  s t i l l  a  v a r i a b l e  over i n d i v i d u a l s ,  We thus  f i r s t  observe t h a t ,  
as r e q u i r e d  f o r  (4201, (452) i n t e r p r e t e d  accord ing t o  (453) i s  indeed t r u e  i n  
(421). The formula w i t h i n  the scope of the b i n a r y  q u a n t i f i e r  i n  (452) i s  the 
fo rmula  i n  (443). Reca l l  t h a t  the  ex tens ion o f  (444) i n  (421) c o n s i s t s  o f  
two p a i r s :  ((all,ml) and ((a2,a3),m2). These are  s u f f i c i e n t  t o  s a t i s f y  the 
t r u t h  c o n d i t i o n s  o f  the  b i n a r y  q u a n t i f i e r  i n  (453) .  L e t  Ci be the se t  o f  
a u t u n a t i c  t e l l e r s  <a1) and C  be the  s e t  o f  automat ic  t e l l e r s  Ca2,a31. The 2  
un ion o f  Cl and C2 i s  t h ree  a u t u n a t i c  t e l l e r s .  The new members ml and m2 are 
the  two new members, dl and d2. As r e q u i r e d ,  the fo rmula  ( 4 4 4 )  i s  t r u e  o f  CI 
and dl, and i t  i s  t r u e  o f  C2 and d2. Hence, the l o g i c a l  form i n  ( 4 5 2 )  
rep resen ts  an i n t e r p r e t a t i o n  t h a t  i s  t r u e  i n  (421). 
We nex t  observe t h a t  u n l i k e  any acceptable i n t e r p r e t a t i o n  o f  the sentence 
i n  (4201, the i n t e r p r e t a t i o n  represented by (492) i s  a l s o  t r u e  i n  the con tex t  
( I )  '13 atms(X)1XC(the)2y;new member (~ ) ]  +(X,y)' i s  t r u e  i f  and o n l y  i f  f o r  
same set C which i s  th ree  automat ic  t e l l e r s ,  and i n d i v i d u a l s  d and d who 
a re  ( t h e )  two new members, '@(C,d 1' i s  t r u e  and '4(C.d2)" i s  i r u e .  2 1  
i n c l u d i n g  (432) and (429).  Reca l l  f rom sec. 6.3.2 t h a t  the r e l e v a n t  
i n t e r p r e t a t i o n  o f  (420) i s  f a l s e  i n  (4321, no ma t te r  how t h a t  f i g u r e  i s  
p a r t i t i o n e d  i n t o  events. Reca l l  i n  p a r t i c u l a r  t h a t  i f  what happens i n  (432) 
i s  taken t o  be a  s i n g l e  w e n t  o f  t h ree  automat ic  t e l l e r s  g i v i n g  new members 
passwords, the i n t e r p r e t a t i o n  i s  f a l s e  because tna! event f a i l s  t o  be one o f  
two members each be in9  g i ven  e x a c t l y  two passwords. One o f  the new members 
m  i s  g iven f o u r  passwords. i 
I n  the  l o g i c a l  form i n  (4521, the q u a n t i f i e r ,  ' t 2 !  p a s w o r d s ( Z ) l ' ,  w i t h i n  
the scope o f  the  b i n a r y  q u a n t i f i e r ,  i s  n o t  s imp ly  a  measure o f  what each new 
member i s  g iven.  The b i n a r y  q u a n t i f i e r  q u a n t i f i e s  over p a i r s  t h a t  s a t i s f y  
the  fo rmula  (4441, which i s  t r u e  o f  a  s e t  o f  automat ic  t e l l e r s  and an 
i n d i v i d u a l  new member j u s t  i n  case e x a c t l y  two passwords i s  what t h a t  s e t  
gave t h a t  new member. The i n t e r p r e t a t i o n  represented by (4521 a l l o w s  a  new 
member t o  r e c e i v e  two passwords f rom each s e t  o f  automat ic  t e l l e r s .  Note i n  
p a r t i c u l a r  t h a t  (444) i s  s a t i s f i e d  by the  p a i r s  i n  (454):  
i 454 )  t (ai 1 ,mi 1 ,  ( { a  ,a  1 ,mi), ( <a3} ,m2) 2  3  
Al though new member ml i s  g i ven  f o u r  passwords, he i s  g iven e x a c t l y  two by 
the f i r s t  automat ic  t e l l e r  and e x a c t l y  two by the f i r s t  and second automatic 
t e l l e r s .  Since, the  un ion o f  the s e t s  o f  automat ic  t e l l e r s  i n  (454) i s  th ree 
au tuna t i c  t e l l e r s  and the  new members are the two new members, the 
i n t e r p r e t a t i o n  represented by (452) i s  thus  t r u e  i n  (432) (and i n  the con tex t  
i n c l u d i n g  (432) and (429). 
What has been shown so f a r  i s  t h a t  an i n t e p r e t a t i o n  d e r i v e d  f rom b i n a r y  
q u a n t i f i c a t i o n  and an atomic p r e d i c a t e  express ing the minimal  t r u e  r e l a t i o n  
on s e t s  and i n d i v i d u a l  o b j e c t s  has t r u t h  c o n d i t i o n s  weak enough f o r  the 
i n t e r p r e t a t i o n  t o  be t r u e  i n  (421) and (4291, b u t  they are a l s o  so weak t h a t  
i t  i s  t r u e  i n  (432) and (429) as w e l l .  
(4451 atmstX) g i v e  nw mmbr(y) p s w r d s ( 2 )  
The atomic p r e d i c a t e  (445) has been i n t e r p r e t e d  t o  have onlr the t r u t h  
c o n d i t i o n s  common t o  *'I1 se t -deno ta t i ve  l o g i c s ,  those c o n d i t i o n s  
c h a r a c t e r i s t i c  o f  a  t r u e  r e l a t i o n  on s e t s  o f  automat ic  t e l l e r s ,  i n d i v i d u a l  
new members and s e t s  o f  passwords. We must now cons ider  whether the 
c o n d i t i o n s  on events i n  some se t -deno ta t i ve  i n t e r p r e t a t i o n s ,  which have so 
f a r  been suppressed, w i l l  he lp  o b t a i n  an i n t e p r e t a t i o n  t h a t  i s  f a l s e  i n  (432) 
w h i l e  rernain inq t r u e  i,n (421). Consider +o r  example how (452) looks  i n  the 
new l o g i c x  
The two p lace where we m igh t  va ry  the t r u t h  c o n d i t i o n s  on events are i n  the 
d e f i n i t i o n  o f  the b i n a r y  q u a n t i f i e r  and t h a t  o f  the atomic p r e d i c a t e .  We 
w i l l  f i n d  t h a t  none o f  the t r u t h  c o n d i t i o n s  on events a l l o w  (455) and s i m i l a r  
l o g i c a l  forms t o  always rep resen t  an approp r ia te  i n t e r p r e t a t i o n - -  one t h a t  i s  
t r u e  i n  c o n t e x t s  l i k e  (421) and (429) and f a l s e  i n  c o n t e x t s  l i k e  (432) and 
(429). 
The b i n a r y  q u a n t i f i e r  i n  order  t o  o b t a i n  t r u t h  i n  (421) and (429) must 
d i v i d e  i t s  re fe rence  t o  s e t s  o f  automat ic  t e l l e r s .  I n t r o d u c i n g  events ( i . e ,  
the event- indexed se ts )  i n  (455), we can choose between d i v i d e d  re ference t o  
events  as . in  (456) and und iv ided  re fe rence  t o  events as i n  (457). 
(456) (d iu ided re fe rence  t o  event- indexed se ts )  
' ( 3  atms((X,i))lX[(the)2r:new member(y)l # (<X, i ) ,y ) '  i s  t r u e  i f  and o n l y  i f  
f o r  some event- indexed s e t s  (C l , i l  ) , . . . , ( C k , ~ k  >, f o r  which the un ion o f  
Cl, ..., Ck i s  th ree automat ic  t e l l e r s ,  and f o r  i n d i u i d u a l s  dl, ..., d who are k  
( t h e )  two new members, C j , i j , d ) '  i s  t r u e  (or  l i j 2 k .  
J 
(457) (d iu ided re fe rence  t o  se ts ,  und iv ided  re fe rence  t o  events)  
'13 atms((X,i))lXt(the)2y:new mcmber(y)l @(<X, i ) ,y ) '  i s  t r u e  i f  and o n l y  i f  
f o r  some event E, event- indexed s e t s  (C1,E), ..., (Ck,E), f o r  which the union 
of C1, ..., Ck i s  t h ree  automat ic  t e l l e r s ,  and f o r  i n d i u i d u a l s  dl, ..., dk who 
are ( t h e )  two new members, "*((C.,E>,d.) '  i s  t r u e  f o r  l i j i k ,  
J J 
I n  the t r u t h  c o n d i t i o n s  f o r  the atomic p ~ e d i c a t e ,  we consider  the c lauses 
t h a t  have been l a b e l l e d  'euent s t r u c t u r e '  i n  e a r l i e r  examples te.q. (4391,  
p.220). Reca l l  t h a t  these c lauses impose the  r e s t r i c t  ion  from sec. 5.1 t h a t  
o n l y  those s e t s  are denoted which exhaust the p a r t i c i p a n t s  i n  the euent. I n  
4ormula t ing  t h i s  r e s t r i c t i o n ,  we d i d  n o t  cons ider  the k i n d  o f  atomic 
p r e d i c a t e  found i n  (455) which c o n t a i n s  a  v a r i a b l e  over i n d i v i d u a l  o b j e c t s  
a long  w i t h  the  v a r i a b l e s  over se ts .  There are e s s e n t i a l l y  th ree ways i n  
which the r e s t r i c t i o n  can h o l d  o f  t h i s  k i n d  o f  p ~ e d i c a t e .  F i r s t ,  i t  may 
ho ld ,  as f i r s t  formulated,  t o  exhaust the p a r t i c i p a n t s  o f  the euent, as i n  
(458). The atomic p r e d i c a t e  i s  t r u e  o f  a  s e t  o f  automat ic  t e l l e r s ,  a  new 
member, a  s e t  of passwords and and an event o n l y  i f  t h a t  s e t  o f  automat ic  
t e l l e r s  i s  a l l  the  automat ic  t e l l e r s  g i v i n g  new members passwords i n  t h a t  
euent and t h a t  s e t  o f  passwords i s  a l l  the passwords be ing  q iven t o  new 
members i n  t h a t  event .  
(458) 'automatic t e l l e r s ( ( A , i ) )  g i v e  new mernber(m1 passwords i (P , j j ) "  i s  t r u e  i f f  
i .  ( r e l a t i o n a l  s t r )  automat ic  t e l l e r s  A q i v e  new member m passwords P,  and 
(event  s t r )  i i ,  i=j ,  & a u t m a t i c  t e l l e r s  A g i v e  new member m passwords P a t  i ,  
and i i i .  f o r  a l l  s e t s X , Y  and 2 ,  
i f  automat ic  t e l l e r s  X q i v e  new members Y passwords Z a t  i ,  then XW1 and ZCP. 
Second, the r e s t r i c t i o n  f rom sec. 5.1 may n o t  c o n s t r a i n  p r e d i c a t e s  w i t h  
war i ab les  over i n d i v i d u a l  o b j e c t s ,  as i n  (459) : 
(459) 'automat ic  t e l l e r s ( { A , i ) )  g i v e  new member(m) passwordz(<P, j>)"  i s  t r u e  i f f  
i .  ( r e l a t i o n a l  s t r )  automat ic  t e l l e r s  A g i v e  new member m passwords P,  and 
(event  rtr) i i .  irj, & automat ic  t e l l e r s  A g i v e  new member m passwords P a t  i .  
O r  t h i r d ,  the  r e s t r i c t i o n  may be r e l a t i v i z e d  t o  va lues  o f  the i n d i v i d u a l  
v a r i a b l e s ,  as i n  (460), so t h a t  s e t s  are denoted o n l y  i f  they exhaust what 
happened t o  some i n d i v i d u a l .  
(460) 'automatic t e l l e r s ( ( A , i > )  g i v e  new member(m1 passwords({P, j>) '  i s  t r u e  i f f  
i. ( r e l a t i o n a l  s t r )  automat ic  t e l l e r s  A g i v e  new member m passwords P, and 
(event  s t r )  i i .  i=j, 8 automat ic  t e l l e r s  A g i v e  new member m passwords P a t  i ,  
and i i i .  f o r  a l l  s e t s  X and 2 ,  
i f  automat ic  t e l l e r s  X g i v e  new member m passwords 2 a t  i ,  then X_CP and ZCP. 
I n t e r p r e t a t i o n s  o f  (455) d e r i v e d  f rom (498) o r  (459) f a i l  i n  an obvious 
war. An i n t e r p r e t a t i o n  d e r i v e d  f rom (458) w i l l  be f a l s e  o f  the event i n  
(421). Accord ing t o  (4581, the  o n l y  denotable s e t  o f  automat ic  t e l l e r s  i n  
the  event i s  (a1,a2,a31, and we have seen e a r l i e r  t h a t  t h i s  se t  does no t  g i ve  
p a s s w o r d s e i t h e r  t o n e w m e m b e r m  o r  t o  newmemberm An i n t e r p r e t a t i o n  I 2 ' 
d e r i v e d  f rom (459) f a i l s  t o  be f a l s e  o f  the event i n  (4321. I t  f a i l s  f o r  the 
same reason as the i n t e r p r e t a t i o n  o f  (492) d i d ,  s ince the ment ion o f  events 
imposes no r e l e v a n t  t r u t h  c o n d i t i o n s .  T h i s  leaves o n l y  those i n t e r p r e t a t i o n s  
o f  (455) d e r i v e d  f rom combinat ions o f  (456) and (457) w i t h  (460).  
We w i l l  see s h o r t l y  t h a t  one o f  these combinat ions,  the b i n a r y  q u a n t i f i e r  
i n  (457) w i t h  the  atomic p r e d i c a t e  i n  (460) i n  f a c t  rep resen ts  the r e l e v a n t  
i n t e r p r e t a t i o n  o f  (420) which i s  t r u e  i n  (421) and (429) and f a l s e  i n  (432)  
and (429). To f i n a l l y  s h w  t h a t  the  se t -deno ta t i ve  l o q i c  cannot represent  
the  c l a s s  o f  i n t e r p r e t a t i o n s  which i nc ludes  (420)'s, we w i l l  have t o  
in t roduce somewhat d i f f e c e n t  b u t  c l o s e l y  r e l a t e d  sentences. We f i r s t  show 
the l i m i t e d  success o f  se t -deno ta t i ve  l o q i c  i n  r e p r e s e n t i n q  i n  some way the 
r e l e v a n t  i n t e r p r e t a t i o n  o f  (4201, 
Reca l l  t h a t  the l o g i c a l  fo rm i n  (452) i n t e r p r e t e d  accord inq t o  (453) came 
ou t  t r u e  i n  (432) and (429) because o f  the p a i r s  i n  (4541, which s a t i s f y  the 
fo rmula  i n  (444). 
t 454) ( (al 1 ,ml 1 ,  ( {a2 ,a3) ,ml 1 ,  ( (a3> ,m 1 2  
(444)[2! psswrdst2) I  atmstx) gave nw m b r ( y )  p s u ~ r d s ( 2 )  
Note t h a t ,  i f  the f i g u r e  i n  (432) i s  taken t o  be a  s i n g l e  event E, the 
t r u t h  c o n d i t i o n s  f o r  the a t m i c  p r e d i c a t e  i n  (460) e s s e n t i a l l y  e l i m i n a t e  the 
f i r s t  two p a i r s  i n  (454). The corresponding p a i r s  i n  the new l o q i c ,  
(((al),E),ml) and d<(a2,a3),E),ml), do n o t  s a t i s f y  the fo rmula  i n  (461).  
(461)12! psswrds( (Z , j> ) l  atms((X,i)) gave nw mmbr(y) psswrds(<Z, j>> 
The r e s u l t  w i l l  be t h a t  the  i n t e r p r e t a t i o n  represented by (4555 i s  f a l s e  i n  
(432) i f  the re  i s  j u s t  one event .  For i f  the f i g u r e  i n  (432) i s  the one 
event E, the  ex tens ion o f  t he  atomic p r e d i c a t e ,  i n t e r p r e t e d  as i n  (460), i s  
o n l y  the two t r i p l e s  i n  (462): 
I n  p a r t i c u l a r ,  the  ex tens ion does n o t  c o n t a i n  the  t r i p l e s  i n  (463),  s ince 
n e i t h e r  s e t  o f  r u t m a t i c  t e l l e r s  exhausts the  automat ic  t e l l e r s  q i u i n q  
passwords t o  ml, and n e i t h e r  s e t  o f  passwords exhausts the passwords q iuen + o  
m  i n  E. Since, the t r i p l e s  i n  (463) do n o t  belong t o  the ex tens ion 3 4  the 1 
a t m i c  p r e d i c a t e ,  the p a i r s  a 1 E m  and d a 2 , a 3 E m  do no t  s a t i s f y  
(461). Moreover, the  p a i r  ((<a1,a2,a31,E>,m1) does n o t  s a t i s f y  the fo rmula  
s ince  the s e t  o f  automat ic  t e l l e r s  g i v e s  ml f o u r  passwords. Thus, there  are 
n o t  th ree automat ic  t e l l e r s  i n  E  o r  two new members w i t h  the r e q u i r e d  
p r o p e r t i e s .  The t r u t h  c o n d i t i o n s  on events t h a t  appear i n  (460 )  are 
s u f f i c i e n t  t o  make the i n t e p r e t a t i o n  o f  (455) f a l s e  i n  (432) i f  (4321 i s  
taken t o  be a  s i n g l e  euent.  
But ,  r e c a l l  t h a t  any acceptable i n t e p r e t a t i o n  o f  (420) i s  f a l s e  i n  the 
con tex t  o f  (432) and (4291, no m a t t ~ r  how we p a r t i t i o n  (4321 i n t o  events. 
Compare now the ex tens ion o f  the  atomic p r e d i c a t e  i f  i t  i s  p a r t i t i o n e d  i n t o  
the two events  shown i n  (433). L e t  t he  upper one be El, and the lower,  E2.  
The ex tens ion o f  the  p r e d i c a t e  i n  (433) i s  (464),  i n  which the s e t s  shown 
exhaust what happened t o  the i n d i v i d u a l  new member i n  the i n d i c a t e d  event .  
One f i n d s  i n  (4641, the  p a i r s  i n  (4651, each r e l a t e d  by e x a c t l y  two passwords 
and t h e r e f o r e  s a t i s f y i n g  the  fo rmula  i n  (4611. 
(465) (({aj1,El),rn1), ( ( { a  2 3  ,a 3,E 2 >,ml), ( < { a  3 >,E 2 ),m2) 
N o t i c e  t h a t  the automat ic  t e l l e r s  i n  these p a i r s  are th ree,  and the new 
members are two. 
The t r u t h  c o n d i t i o n s  c o n t r i b u t e d  by the atomic p r e d i c a t e  i n  (460)  are no t  
s u f f i c i e n t  t o  f a l s i f y  the  i n t e r p r e t a t i o n  o f  (455) i n  a l l  the con tex ts  d e r i v e d  
frm what happened i n  (432) and (429). I n  p a r t i c u l a r ,  an i n t e r p r e t a t i o n  t r u e  
i n  (433) i s  ob ta ined  i f  the b i n a r y  q u a n t i f i e r  i s  i n t e r p r e t e d  accord inq t o  
(496) t o  have d i v i d e d  re fe rence  t o  euents. That i n t e r p r e t a t i o n  i s  v e r i f i e d  
by the p a i r s  i n  (465). We do however o b t a i n  an i n t e r p r e t a t i o n  o f  (455) t h a t  
i s  f a l s e  i n  a l l  the con tex ts  d e r i v e d  f r w n  (432) i f  the i n t e r p r e t a t i o n  o f  the 
atomic p r e d i c a t e  i n  (460) i s  combined w i t h  the b i n a r y  q u a n t i f i e r  i n  (4571, 
which has und iv ided  re fe rehce  t o  events. For i f  the  f i g u r e  i n  (432) i s  
t o  be a  s i n g l e  event ,  then (455) w i l l  be f a l s e  f o r  the reasons g iven above. 
I f  i t  i s  p a r t i t i o n e d  i n t o  more than one event ,  then no one o f  them w i l l  
c o n t a i n  enough a u t m a t i c  t e l l e r s  and new members t o  meet the requirements o f  
the  b i n a r y  q u a n t i f i e r  i n  (457). I t  i s  easy t o  v e r i f y  t h a t  the i n t e r p r e t a t i o n  
o f  (455) ob ta ined  f rom (460) and (457) i s  s t i l l  t r u e  i n  (421>,  as i s  a l s o  
r e q u i r e d  f o r  the  intended i n t e r p r ' e t a t i o n  o f  the sentence i n  (420).  
I t  should now be c l e a r  haw the dev ices  o f  (460) and (457) maks i t  poss ib le  
f o r  se t -denota t ive  l o g i c  t o  represent  the v a r i o u s  aspects o f  the r e l e v a n t  
i n t e r p r e t a t i o n  o f  (420). B i n a r y  q u a n t i f i c a t i o n  a l l o w s  i t  t o  say t h a t  there  
are th ree  automat ic  t e l l e r s  and ( t h e )  two new members, w i t h o u t  say inq t h a t  a  
p a r t i c u l a r  s e t  o f  automat ic  t e l l e r s  g i v e s  bo th  o f  the new members t h e i r  
passwords. The p a r t i c u l a r  b i n a r y  q u a n t i f i e r  i n  (457) a l l o w s  the 
i n t e r p r e t a t i o n  t o  be about one s i n g l e  event w i t h o u t  r e q u i r i n g  i t  t o  be about 
one s e t  o f  automat ic  t e l l e r s .  And the c o n d i t i o n  f rom sec. 5.1 r e l a t i v i z e d  
t o  i n d i v i d u a l  v a r i a b l e s  r e q u i r e s  t h a t  what i s  s a i d  about an i n d i v i d u a l  new 
member i s  about a l l  t h a t  happened t o  him i n  t h a t  event .  Thus, i f  there  i s  
same s e t  o f  automat ic  t e l l e r s  t h a t  i s  s a i d  t o  g i v e  h im e x a c t l y  two passwords, 
then he i s  q i ven  e x a c t l y  two passwords i n  t h a t  event ,  which e l i m i n a t e s  the 
problem a r i s i n g  frm the p o s i t i o n  o f  '12! passwords ( {2 , j ) ) I u  w i t h i n  the 
scope of bo th  " t h r o e  automat ic  t e l l e r s '  and ' ( t h e )  two new members". 
We have n o t  q iven a  sys temat ic  p r e s e n t a t i o n  o f  b i n a r y  q u a n t i f i e r s ,  which a 
se t -deno ta t i ve  l o g i c  i n c l u d i n g  them would have t o  do. One apparent 
p e c u l i a r i t y  i s  t h a t  i t  would c o n t a i n  the b i n a r y  q u a n t i f i e r  i n  (4571 bu t  wculd 
have t o  exclude the one i n  (456). Otherwise , . the  se t -deno ta t i ve  l o g i c  would 
again f a i l  by ass ign ing  (420) an i n t e r p r e t a t i o n  t r u e  i n  the con tex t  i n c l u d i n g  
the two events o f  (433) and the  one i n  (429) . loo We have a1 so no t  stopped t o  
consider  the f u l l  range o f  i n t e r p r e t a t i o n s  t h a t  are assigned when b i n a r y  
q u a n t i f i e r s  have scope i n t e r a c t i o n s  w i t h  each o the r  and i n  more compl icated 
ways w i t h  unary q u a n t i f i e r s .  We w i l l  i ns tead  f i n a l l y  dispose o f  
se t -denota t ive  l o g i c  more d i r e c t l y ,  by showing t h a t  the devices proposed f o r  
(420), the b i n a r y  q u a n t i f i e r  i n  (457) and the r e l a t i v i z e d  r e s t r i c t i o n  f rom 
sec. 5.1 u l t i m a t e l y  f a i l .  
Consider the sentences i n  (466). 
(466) Three automat ic  t e l l e r s  gave the two new members e x a c t l y  two passwords 
on a s l i p  o f  p i n k  paper. 
Three automat ic  t e l  l e r s  gave the two new members on a s l  i p  o f  p ink  paper 
e x a c t l y  two passwords each. 
100. Sec. 2.4 .1  discusses two k i n d s  o f  i n t e r p r e t a t i o n s  t h a t  suggest the need 
f o r  b i n a r y  q u a n t i f i e r s  i n  se t -deno ta t i ve  l o g i c .  Howeuer, they suggest the 
need f o r  b i n a r y  q u a n t i f i e r s  w i t h  d i v i d e d  re fe rence  t o  bo th  s e t s  and events as 
i n  (456). For example, Scha's cumula t ive  q u a n t i f i c a t i o n  i n  ( i )  i s  t r u e  o n l y  
i f  e x a c t l y  500 Dutch f i r m s  are i n  events o f  Dutch f i r m s  buy ing Eknerican 
computers and e x a c t l y  600 h e r i c a n  computers are i n  such events. 
( i )  E x a c t l y  500 Dutch f i r m s  bought e x a c t l y  600 American computers 
These sentences are i d e n t i c a l  t o  ( 4 2 0 )  b u t  f o r  the added argument " a  s l i p  o f  
p i n k  paperu.  The c o n t e x t s  represented by (467) and (468) correspond 
r e s p e c t i v e l y  t o  (421) and (432), and they are t o  be i n t e r p r e t e d  i n  the same 
way. Reca l l  t h a t  passwords are  g iven t o  new members one a t  a t ime.  The new 
member e n t e r s  a new request  a t  5ome automat ic  t e l l e r  f o r  each password. 
Suppose a l s o  t h a t  t he  new member can have h i s  password p r i n t e d  on a f r e s h  
s l i p  ob paper o r  he can present  t o  the  a u t m a t i c  t e l l e r  a s l i p  o f  paper 
a l ready  i n  h i s  possession. The f i g u r e  i n  (467) shows t h a t  new member ml had 
au tana t i c  t e l l e r  dl g i v e  h im h i s  two passwordr on one s l i p  o f  p i n k  paper si. 
New member m had one password g i ven  t o  h im by the automat ic  t e l l e r  a2 on the 2 
s l i p  of p i n k  paper s2 and h i s  o the r  password a i ven  t o  him by automatic t e l l e r  
a on the o m s  s l i p  o f  paper. The f i g u r e  i n  (468) i s  s i m i l a r l y  i n t e r p r e t e d ;  3 
sl, s2 and s3 are  th ree  d i s t i n c t  s l i p s  o f  p i n k  paper. 
The sentences i n  (4665 have an i n t e r p r e t a t i o n ,  represented i n  event l o q i c  
by (4691, which i s  t r u e  i n  (467) and f a l s e  i n  (468). 
(469) 
CEe ~ i v e ( e ) : t ~ h ~ 2 ~ y , e ) r n w  m b r ( y ) l  TO(e,y) OF(e, 2 ! p s w r d s )  on(e, a s l p  pnk ppr ) jo l  
INFL(e ,  3 atms) 
101, The l o q i c r l  forms under ( i )  and ( i i )  i n  which ' t he  two passwords" or  " a  
s l i p  o f  paper" are c m p l e x  q u a n t i f i s r s  over i n d i v i d u a l s  w i t h i n  the scope o f  
As i s  ev ident  f rom the l o g i c a l  form i n  (469) (and those i n  n . i O l ) ,  i t  beionas 
t o  the c l a s s  f i r s t  i l l u s t r a t e d  by (doe) and ( 4 2 0 i ,  a  sum o f  p l u r a l s  i n  which 
the  r e s t r i c t i o n  on the  event q u a n t i f i e r  c o n t a i n s  a  q u a n t i f i e r  over i n d i v i d u a l  
o b j e c t s .  The a d d i t i o n  o f  an argument i n  (466) and the d e t a i l  added i n  (467) 
and (468) t o  c o n t e x t s  o therwise  i d e n t i c a l  t o  (421) and (432) do no t  change 
the  s i g n i f i c a n c e  o f  c o n t e x t s  cons t ruc ted  i n  t h i s  way f o r  i n t e r p r e t a t i o n s  such 
as the one represented by (469). 
We now show t h a t  the se t -deno ta t i ve  t reatment  o f  (420) w i l l  no t  e x t e r d  t o  
the r e l e v a n t  i n t e r p r e t a t i o n  o f  (466).  !i r e s u l t s  i n  i n t e r p r e t a t i o n s  o f  (466)  
t h a t  are i napprop r ia te1  y t r u e  i n  (4681i02. The set-denotat  iue l o p i c  assipns 
t o  (466) a  l o g i c a l  form! among o the rs ,  which i s  l i k e  (455) and where the new 
NP 'a s l i p  of p i c k  paper' b i n d s  a  v a r i a b l e  over i n d i v i d u a l  ob jec ts ,  as i n  
r471) 13 atms(<X,i))lXt(the)2y:nw m b r ( y ) l C 2 !  psswrds(<Z,j)) lCEw: pnk s l p i w i l  
atms(<X,i))  gave nw mmbr(r) psswrds(<Z, j>)  on s l p  o f  pnk ppr(w> 
(472) 13 atms(<X,i))lXt(the)2y:nw mrnbr(r)11Ew: pnk s l p ( w ) l 1 2 !  p s s w r d s ( < Z , j i ) l  
atms(<X,i))  qave nw mmbr(y) psswrds(<Z, j>)  on s l p  o f  pnk pp r (w i  
" t h e  two new members' a l s o  represent  i n t e r p r e t a t i o n s  t r u e  i n  (467) and f a l s e  
i n  (468). 
102. and i n  the con tex t  i n c l u d i n q  (468) and the analogue t o  (429) :  
The b i n a r y  q u a n t i f i e r  i n  (471) and (472) i s  i n t e r p r e t e d  by (4571, as i t  was 
i n  t h a t  i n t e r p r e t a t i o n  o f  (455) which tu rned  out  t o  be c o r r e c t l y  f a l s e  i n  a l l  
the  c o n t e x t s  d e r i v e d  f rom (432). 
The atomic p r e d i c a t e  i n  (471) and (472) i s  (473):  
(473) atms((X, i))  gave nw m b r ( y )  psswrds(<Z, j ) )  on s l p  o f  pnk ppr(w1 
The r e s t r i c t i o n  f rom sec. 5.1 r e l a t i v i z e d  t o  i n d i v i d u a l  v a r i a b l e s  w i l l ,  when 
r e l a t i v i z e d  t o  bo th  i n d i v i d u a l  v a r i a b l e s  i n  (473),  r e s u l t  i n  an 
i n t e r p r e t a t i o n  w i t h  the  t r u t h  c o n d i t i o n s  i n  (474): 
(474) 'atms(<A, i ) )  g i v e  nw m b r ( m )  psswrds(<P, j)) on s l p  o f  pnk p p r t s ) "  
i s  t r u e  i f f  
i ,  ( r e l a t i o n a l  s t r )  automat ic  t e l l e r s  A g i v e  new member m passwords P 
on s l  i p o f  p i n k  paper s, and 
(event s t r )  i i. i=j, 8 
automat ic  t e l l e r s  A g i v e  new member m passwords P on s l i p  o f  p ink  paper 5 a t  i ,  
and i i i .  f o r  a l l  s e t s  X and 2, i f  
automat ic  t e l l e r s  X g i v e  new member rn passwords 2 on s l i p  o f  p i n k  paper s a t  i ,  
then X&l and Zv. 
According t o  (4741, a set o f  automat ic  t e l l e r s  q i v e s  a s e t  o f  passwords t o  an 
i n d i v i d u a l  new member on a s l i p  o f  p i n k  paper i n  an event i f  and o n l y  i f  t h a t  
s e t  o f  t e l l e r s  i s  a l l  t he  automat ic  t e l l e r s  g i v i n g  passworas t o  t h a t  
i n d i v i d u a l  new member on t h a t  s l  i p  o f  p i n k  paper i n  t h a t  event and t h a t  se t  
of passwords i s  a l l  the passwords b e i n g  b e i n g  g i ven  by automatic t e l l e r s  t o  
t h a t  new member on t h a t  s l i p  o f  paper i n  t h a t  event .  L e t  us take the f i g u r e  
i n  (4J8) t o  be the  s i n g l e  event E. The ex tens ion i n  (468) o f  the atcmic 
p r e d i c a t e  acco rd inq  t o  i s  (4751: 
Each quadruple i n  (475) exhausts what happened i n  E, (4681, on some s l i p  o f  
p i n k  paper f o r  some new member, 
(477) C2! psuurds((Z, j)) lCEw: pnk s l p ( w ) l  
atms(<X,i))  gave nw mmbr(y) psswrds(<Z, j>)  on s l p  o f  pnk ppr iw1 
(478) CEw: pnk s lp (w) lC2!  psswrds (<Z , j ) ) I  
atms(<X, i ) )  gave nw mmbr<y) psswrds(<Z, j ) )  on s l p  o f  pnk ppr (w> 
I t  i s  obvious t h a t  the  p a i r s  i n  (476) s a t i s f y  bo th  fo rmulas  i n  (477) and 
(478) and t h a t  t he re  are enough automat ic  t e l l e r s  and new members i n  E so 
t h a t  (471) and (472) are  t r u e  even w i t h  the  b i n a r y  q u a n t i f i e r  i n  (457).  
One might  wish f o r  the  r e s t r i c t i o n  f rom sec. 5.1 t o  be r e l a t i v i z e d  t o  o n l y  
one o f  the i n d i v i d u a l  v a r i a b l e s .  There be ing  no p r i n c i p l e d  choice between 
them, one i n t e r p r e t a t i o n  o f  the  atomic p r e d i c a t e  would r e l a t i v i z e  the 
r e s t r i c t i o n  t o  the  v a r i a b l e  bound by 'a s l i p  o f  p i n k  papern,  as i n  (479): 
(479) 'atms(<A,i))  g i v e  nw rnbr(m1 psswrds(<P, j>)  on s l p  o f  pnk p p r < s ) "  
i s  t r u e  i f f  
i .  ( r e l a t i o n a l  s t r )  automat ic  t e l l e r s  A g i v e  new member m passwords P 
on sl i p o f  p i n k  paper s, and 
(event  s t r )  i i ,  i=j, & 
a u t m a t i c  t e l l e r s  A g i v e  new member m passwords P on s l i p  o f  p ink  paper s a t  i ,  
and i i i .  f o r  a l l  s e t s X ,  Y and Z, i f  
automat ic  t e l l e r s  X g i v e  new members Y passwords Z on s l i p  o f  p ink  paper s a t  i ,  
then X@ and Zu. 
But,  the ex tens ion i n  (468) o f  t h i s  i n t e p r e t a t i o n  o f  the atomic p r e d i c a t e  i s  
a l s o  the  quadruples i n  (4751, and (471) and (472) are again t r u e  i n  (468).  
Thus, the se t -denota t ive  l o g i c  w i l l  always assign some i n t e p r e t a t i o n  t o  (466) 
t h a t  i s  unacceptably t r u e  i n  the con tex t  i n c l u d i n g  (468) and (470)(see 
We have thus seen t h a t  the se t -deno ta t i ve  t reatment  o f  the r e l e v a n t  
i n t e r p r e t a t i o n  o f  (4201, b i n a r y  q u a n t i f i c a t i o n  accord ing t o  (457) and the 
r e s t r i c t i o n  f rom sec. 5.1 r e l a t i v i r e d  t o  i n d i v i d u a l  v a r i a b l e s ,  does not  
extend t o  the i n t e r p r e t a t i o n  o f  (466).  I t  w i l l  i n  qeneral f a i l  on those 
se t -denota t ive  l o g i c a l  forms w i t h  more than one v a r i a b l e  over i n d i v i d u a l  
ob jec ts .  
Sec. 6.3, l i k e  sec. 6.2, has shown a f a i l u r e  i n  i n t e r p r e t a t i o n  t h a t  i s  a  
consequence o f  the syntax o f  se t -deno ta t i ve  l o g i c  and the assumption t h a t  
a t a n i c  p r e d i c a t e s  express t r u e  r e l a t i o n s  among t h e i r  arguments. As we have 
seen, event l o g i c  assigned the c o r r e c t  i n t e r p r e t a t i o n s .  
The syntax o f  se t -deno ta t i ve  l o g i c  r e q u i r e s  t h a t  any fo rmula  t h a t  con ta ins  
an atomic p r e d i c a t e  'V' a l s o  c o n t a i n s  a  p lace  f o r  every argument. I n  
p a r t i c u l a r ,  se t -denota t ive  c o u n t e r p a r t s  t o  the  event l o g i c ' s  (428) must 
103. The reader i s  l e f t  t o  check the f o l l o w i n g .  The sentences i n  (446) have 
an i n t e r p r e t a t i o n ,  represented i n  the  event l o g i c  by (480) (one o f  the 
l o g i c a l  forms under ( i )  and t i i )  i n  n.101), which i s  t r u e  i n  (467) and the 
s l i g h t l y  a l t e r e d  con tex t  i n  (481). I f  the  r e s t r i c t i o n  f rom sec. 5 . 1 .  i s  
r e l a t i v i z e d  t o  e i t h e r  o r  bo th  o f  the i n d i v i d u a l  v a r i a b l e s ,  then no 
i n t - r p r e t a t i o n  o f  (471) i s  t r u e  i n  (480). Thus, the se t -deno ta t i ve  l o q i c  
would f a i l  t o  represent  an acceptable i n t e r p r e t a t i o n  o f  (446) as w e l l  as 
ass ign ing  i t  an unacceptable one. 
(480) CEe givete): [ the2(y,e):nw mmbrty) l  TO(e,y) 
t 2 ! ( z , e ) : p ~ ~ r d t z ) l  OF(e,z) on(e, a  pnk s l p ) l  INFL<e,  3 atms) 
c o n t a i n  a  p!ace f o r  the  v a r i a b l e  X_: 
(428) ,tV(e) t ( the l2<y,e) :N ' (y ) I  R(e,y) Ste, 2! N ' ) l  
(430)E( the)2y :N ' (y ) l t2 !  N J ( < Z , j > ) 1  V ( < X , i ) , r , < Z , j ) )  
(431) I t the)2y :N ' (y ) lC2!  N ' (Z l1  V(X,e,y,Z> 
The r e l e v a n t  i n t e r p r e t a t i o n s  o f  (420) and (466) asse r t  the ex is tence o f  an 
event i n  which two new members are each g iven e x a c t l y  two passwords by 
au tuna t i c  t e l l e r s .  The NP ' e x a c t l y  two passwordsa measures what happened t o  
the  i n d i v i d u a l  new member i n  the euent.  But ,  the  se t -denota t ive  formulas,  
because o f  the  p lace  f o r  X, do n o t  a l l o w  an event t o  be c h a r a c t e r i z e d  i n  t h i s  
way. They are about o n l y  what p a r t i c u l a r  s e t s  o f  automat ic  t e l l e r s  d i d  t o  
the new members. The b i n a r y  q u a n t i f i e r  i n  (457) a l l o w s  t a l k  about a s i n g l e  
event and what severa l  d i s t i n c t  s e t s  of automat ic  t e l l e r s  d i d ,  But ,  the 
q u a n t i f i e r  ' e x a c t l y  two passwords' measures n o t  the t o t a l i t y  o f  what happened 
i n  the event t o  the  i n d i v i d u a l  new member b u t  what each o f  p o s s i b l y  several  
s e t s  o f  a u t m a t i c  t e l l e r s  d i d  t o  h im there .  We have a l s o  seen t h a t  what 
happens t o  the  i n d i v i d u a l  new member does n o t  always co inc ide  w i t h  an n - tup le  
denoted by the  atomic p r e d i c a t e .  I t  f a i l s  when the  atomic p r e d i c a t e  c o n t a i n s  
another v a r i a b l e  over i n d i v i d u a l  o b j e c t s ,  as i n  (471) and (4721, I n  the 
s i t u a t i o n  cons t ruc ted  i n  (4681, the s e t  o f  automat ic  t e l l e r s  t h a t  g i v e s  ml 
a11 h i s  passwords, (al,a2,a31, does n o t  do i t  on sane i n d i v i d u a l  s l i p  c f  p ink  
paper. lo4 Although f o u r  p a s w o r d s  i s  g i ven  t o  ml i n  t h i s  eucnt ,  there i s  no 
set o f  a u t m a t i c  t e l l e r s  t h a t  appears w i t h  ml and f o u r  passwords i n  n - tup les  
i n  the  ex tens ion o f  the  atomic p r e d i c a t e .  
104. {al,a2,a31 g i v e s  m passwords (pl 1  ,p2 ,p3 ,p4; on s l  i p s  o f  p i n k  paper (sl ,s23. 
Our p o i n t  has been t o  show t h a t  the syntax o f  se t -deno ta t i ve  l o g i c  i s  
untenable.  I t  m a i n t a i n s  t h a t  p l u r a l s  are always q u a n t i f i e r s  e i t h e r  over s e t s  
si ~ n d i v i d u a l s  and t h a t  they b i n d  i n t o  atomic po lyad ic  p red ica tes .  One 
p o s s i b l e  way o u t  f o r  the se t -denota t ive  l o g i c  f rom the problems o f  sec. 6.2 
and 6.3 t r i e s  t o  keep i t s  syntax w h i l e  t a k i n g  f rom event l o g i c  some 
assumptions about i n t e r p r e t a t i o n .  We cons ider  t h i s  way ou t  i n  order  t o  
pursue the s y n t a c t i c  p o i n t  t h a t  v a r i a b l e s  over s e t s  and atomic po lyad ic  
p r e d i c a t e s  are  untenable.  
The p o s s i b l e  way ou t  f o r  se t -deno ta t i ve  l o g i c  i s  t o  adrnit i n  the l e x i c o n  a  
Oavidsonian decomposit ion o f  p o l y a d i c  p r e d i c a t e s .  I t  comes i n  o n l y  t o  
regiment  haw the atomic p r e d i c a t e s  are i n t e r p r e t e d ,  a f f e c t i n g  what has been 
l a b e l l e d  " r e l a t i o n a l  s t r u c t u r e "  i n  t h e i r  t r u t h  c o n d i t i o n s .  The 
c h a r a c t e r i s t i c  syntax o f  se t -deno ta t i ve  l o g i c  i s  unchanged. 
Reca l l  t h a t  the c lauses l a b e l  l e d  " r e l a t i o n a l  s t r u c t u r e "  have always 
conta ined the t r u t h  c o n d i t i o n s  approp r ia te  t o  a  p r e d i c a t e  t h a t  expresses a 
t r u e  r e l a t i o n  among i t s  arguments, The p r e d i c a t e  ' sena to rs (<C, i> )  speak i n  
favo r  o f  amcndment(d>" expresses a  t r u e  r e l a t i o n  i n  the sense t h a t  i f  i t  i s  
t r u e  o f  a  s e t  o f  senators  and an amendment, then t h e i r  speeches ( a t  i )  are 
indeed i n  favo r  o f  t h a t  p a r t i c u l a r  amendment, We now rep lace  the t r u l y  
r e l a t i o n a l  w i t h  t r u t h  c o n d i t i o n s  such as those i l l u s t r a t e d  below under c lause 
(482) "senators(<C, i>)  speak i n  favo r  o f  amendment(d)" i s  t r u e  i f f  
i .  ( r e l a t i o n a l  s t r u c t u r e )  senators  C speak i n  favo r  o f  amendments a t  i ,  and 
senators  speak i n  favo r  o f  amendment d a t  i ,  and 
(event  s t r u c t u r e )  i i i .  f o r  a l l  s e t s X ,  
i f  senators  X speak i n  f a v o r  o f  amendments a t  i , then X K .  
(483) " b i l l i a r d  b a l l s ( < C , i > )  bounce o f f  s ide (d )  o f  the pool t a b l e "  i s  t r u e  i f f  
i . ( r e l a t i o n a l  s t r u c t u r e )  b i l l i a r d  b a l l s  C bounce o f f  s ides  o f  the pool t a b l e  a t  i ,  
and b i l l i a r d  b a l l s  bounce o f f  s ide  o f  the pool t a b l e  d a t  i ,  and 
(event  s t r u c t u r e )  i i i .  f o r  a l l  s e t s  X, 
i f  b i l l i a r d  b a l l s  X bounce o f f  s i d e s  a t  i ,  then XC,C. 
(484) "automat ic  t e l l e r s ( < A , i ) )  g i v e  new member(m) password(pju i s  t r u e  i f f  
i .  ( r e l a t i o n a l  s t r )  automat ic  t e l l e r s  A g i v e  new members passwords a t  i ,  and 
automat ic  t e l l e r s  g i v e  new member m password p a t  i ,  and 
(event  s t r )  i i i .  f o r  a l l  s e t s  X, Y and 2 ,  
i f  automat ic  t e l l e r s  X q i v e  new members Y passwords 2 a t  i ,  then XW. 
(485) "automat ic  t e l l e r s ( < A , i ) )  g i v e  new member(m) p a s s w o r d s ( < P , ~ ) > "  i s  t r u e  i f f  
i .  ( r e l a t i o n a l  s t r )  automat ic  t e l l e r s  A g i v e  new members passwords a t  i ,  and 
automat ic  t e l l e r s  g i v e  new member m passwords a t  i ,  and 
automat ic  t e l l e r s  g i v e  new members passwords P a t  i ,  and 
(event s t r )  i i .  i=j, and 
i i i .  f o r  a! l  s e t s  X ,  Y and 2, 
i f  automat ic  t e l l e r s  X g i v e  new members Y passwords 2 a t  i ,  then XQA and ZCP. 
(482)-(484) are f rom the f o l l o w i n g  schema. I t  i s  assumed t h a t  any n-ary 
a t m i c  p r e d i c a t e  i s  assoc ia ted  w i t h  a t r u e  ( i n  the above sense) r e l a t i o n  on 
n 
s e t s  "@*(al, ..., a 1 ' .  Corresponding t o  such a r e l a t i o n ,  there  are 2 
n 
d i s t i n c t  atomic p r e d i c a t e s  d i s t i n q u i s h e d  by whether they have a v a r i a b l e  over 
i n d i v i d u a l s  o r  a v a r i a b l e  over euent- indexed s e t s  i n  each o f  the n araument 
p laces.  Now suppose f o r  one o f  these p r e d i c a t e s  t h a t  i t s  v a r i a b l e s  over 
i n d i v i d u a l s  are x ,...,x and i t s  v a r i a b l e s  over euent- indexed s e t s  are i J 
(Yk,ek),...,(Y1,el). The p r e d i c a t e  has the t r u t h  c o n d i t i o n s  i n  (486) :  
(486) " 4 < c .  , . . . ,c . ,  <Dk ,e 1, .  . . ,<Dl ,el )Iu i s  t r u e  i f f  
i . ( r e 1  a t  i bn.1 stEuc t u r e r  
a. t he re  e x i s t  (non-empty) s e t s  S i . S j  T k + , T 1  such t h a t  
and.. , 
there  e x i s t  (non-empty) s e t s  Si ,  ..., S j ,  Tk,  ..., T such t h a t  1-1 
and 
b. there  e x i s t  (non-empty) s e t s  Tk,...,T1 such t h a t  
* c i I , .  c I T  . . .,TI) a t  e  
J k '  k  and 
(event s t r u c t u r e )  i i .  ek= ...= e  and 1 ' 
i i i .  f o r  a11 s e t s  Si,. . .Sj,Tk,. .. ,T 1 ' 
i f  @*(S i r  ... Sj,Tk, ..., TI) a t  e  then T k U k  and...and T  CD k ' I-- 1 '  
As be fo re ,  a  p r e d i c a t e  denotes an n - tup le  o f  event- indexed s e t s  and 
i n d i v i d u a l s  j u s t  i n  case the  s e t s  i n  the n - tup le  exhaust f o r  t h e i r  r o l e s  the 
p a r t i c i p a n t s  i n  some event (c lauses i ,  i i  and i i i ) .  There i s  now however no 
t r u e  r e l a t i o n  between the s e t s  o f  the n - tup le  and the i n d i v i d u a l s .  We do n o t  
r e q u i r e  t h a t  I * (Cc i> ,  ..., Cc.>,Dk, ..., Dl) i n  t h a t  event .  I t  i s  s u f f i c i e n t  
J 
accord ing t o  c lause ( i  .b) f o r  the  i n d i v i d u a l s  t o  be r e l a t e d  t o  o f  the 
p a r t i c i p a n t s  i n  the event.  The r e l a t i o n  between an i n d i v i d u a l  and a  s e t  i n  
the  denoted n - tup le  i s  reduced t o  t h a t  o f  be long ing  t o  the same event ,  105 
105. Note t h a t  c lause ( i . b )  i n  (4862 cannot be fo rmu la ted  as ( i . b ' ) :  
( i . b ' )  there  e x i s t  (non-empty) s e t s  Si+l, . . . ,Sj ,Tk,. . . ,TI such t h a t  
4*((ci I ,Sit l  .. . ,Sj ,Tk,. . . ,TI) a t  e  and.. . k  ' 
and the re  e x i s t  (non-empty) s e t s  Si,...,Sj-l ,Tk,...,T, such t h a t  
( i . b ' )  o n l y  r e q u i r e s  each i n d i v i d u a l  i n  the denoted n - tup le  t o  have been 
4*-ed i n  the event.  Our ( i . b )  r e q u i r e s  the  i n d i v i d u a l s  i n  the n - tup le  t o  be 
r e l a t e d  by @* t o  each o t h e r ,  a l though n o t  t o  any o f  the s e t s  i n  the n - tup le .  
T h i s  i s  necessary f o r  those i n t e r p r e t a t i o n s  t h a t  make e s s e n t i a l  use o f  
i n d i v i d u a l  v a r i a b l e s  t o  rep resen t  scope i n t e r a c t i o n s :  
( i )  Few c r i t i c s  each bought th ree  good books 
t i i )  [Few c r i t i c s ( x ) l C t h r e e  good books (y ) l  c r i t i c ( x j  bouqht qood b o o k i y j  
I f  the atomic p r e d i c a t e  i n  ( i i )  w i t h  two i n d i v i d u a l  v a r i a b l e s  were 
i n t e r p r e t e d  by ( i . b ' ) ,  i t  would come out  e q u i v a l e n t  t o  ( v )  and the re fo re  t o  
( v i ) :  
Now r e c a l l  f rom sec. 6.2 the l o g i c a l  form i n  (382) f o r  (357) which 
represented i n t e r p r e t a t i o n s  t h a t  were unacceptably t r u e  i n  the contex t  
represented by (358).  
(357) No more than th ree b i l l i a r d  b a l l s  (eve r )  bounced o f f  e x a c t l y  th ree s ides  
o f  the  pool  t a b l e .  
(382) [No more than 3 b a l l s t ( X , i ) ) l 1 3 !  s i d e s ( y ) I  b a l l s ( < X , i ) )  bounced o f f  s i d e ( y j  
No longer  r e q u i r i n g  a  more s p e c i f i c  r e l a t i o n  between s e t  and i n d i v i d u a l  
(see (483) ) ,  the sentence i n  (390) i s  n w  t r u e  f o r  Cl-3=(a,b,c,1,2,3,4,5.6) 
and the f i r s t  t h ree  events,  l I i S 3 ,  i n  (3581: 
( 390) ba l ls (<Cl  - 3,Ei)) bounced o f f  s ide(dl )  h 
b a l l ~ i < C ~ - ~ , E ~ ) )  bounced o f f  s ide(d2)  & 
b a l  ~ S ( { C ~ - ~ , E ~  ))  bounced o f f  s ide(d3)  
A t  each o f  the f i r s t  t h ree  breaks, a l l  the b a l l s  bounced o f f  s ides  and every 
one o f  the th ree s i d e s  was bounced o f f  by s m e  o f  them. Since, Cle3 conta ins  
i v )  [Few c r i t i c s ( x j 3 l t h r e e  good books(y j3 ( c r i t i c ( ~ )  bought sood books 8 
c r i t i c s  bought cjood book(y) )  
( v i )  Few c r i t i c s  bought good books or  n o t  th ree good books were bought by c r i t i c s  
The r e s u l t  i s  an unacceptable i n t e r p r e t a t i o n ,  and the re  would be no o ther  way 
t o  represent  the intended i n t e p r e t a t i o n  o f  ( i ) .  
The s i ' qn i f i cance  o f  the  schema i n  (486) i s  t h a t ,  a l thoush an atomic p r e d i c a t e  
expresses a  t r u e  r e l a t i o n  among the i n d i v i d u a l s  i t  denotes, i t  does not  
express one between i n d i v i d u a l s  and se ts .  
n ine  members, the  i n t e r p r e t a t i o n s  o f  (3821 are f a l s i f i e d ,  as r e q u i r e d .  106 
When the atomic p r e d i c a t e  expresses a - t r u e  r e l a t i o n ,  we observed i n  sec. 
6.3 t h a t  the l o g i c a l  forms i n  (439) represent  i n t e r p r e t a t i o n s  t h a t  are f a l s e  
i n  the con tex t  o f  (4211, a l though the r e l e v a n t  i n t e r p r e t a t i o n  o f  (420:) i s  
t r u e  there :  
(420) Three automat ic  t e l l e r s  gave ( t h e )  two new members 
e x a c t l y  two passwords (each) 
(439) a: 
C3 atms((X,i))lC(the)2y:nw m b r ~ y ) l C 2 ! t : p s s w r d ( t ) 3  a tms(<X, i>)  gave nw m b r ( y )  
psswrd(z) 
106. Recal l  f rom the excursus i n  sec. 6.1.1 t h a t  (344) may m i s i n t e r p r e t  
(341) : 
(341 Two boys danced w i t h  two g i r l s .  
(344) 12 girls((Y,j)>lC2x:bor(x)l boy(x)  danced w i t h  g i r l s t < Y , j ) )  
(344) r e q u i r e d  t h a t  each o f  two boys danced w i t h  the same group o f  two g i r l s ,  
(487) 'boy(c1 danced w i t h  g i r l s t < D , j ) ) "  i s  t r u e  i f f  
i . ( r e l a t i o n a l  s t r )  boy c  dance w i t h  g i r l s  a t  i ,  and 
boys dance w i t h  g i r l s  D a t  i ,  and 
(event  s t r 1  i i i .  f o r  a l l  s e t s  X and Y, 
i f  boys X  dance w i t h  g i r l s  Y a t  i , then YCD. 
N w  i n t e r p r e t i n g  the atomic p r e d i c a t e  accord ing (487),  each o f  two boys are 
r e q u i r e d  o n l y  t o  have danced w i t h  g i r l s  a t  the event a t  which two g i r l s  
danced w i t h  boys. But ,  t h i s  i s  equ iva len t  t o  the sum o f  p l u r a l s  
i n t e r p r e t a t i o n  o f  (3411, which i s  o f  course acceptable.  
R e i n t e r p r e t i n g  the atomic p r e d i c a t e s  i n  (439) accord ing t o  (485)  and (484) 
y i e l d s  the f o l l o w i n g  ex tens ions  i n  (421),  assuminq i t  d e p i c t s  the event E ,  
I n  (4881, the th ree automat ic  t e l l e r s  i n  the s e t  {a1,a2,a31 g i v e  ml e x a c t l y  
two passwords, and they g i v e  m2 e x a c t l y  two passwords. Thus. (439aj  
rep resen ts  i n  se t -denota t iue  l o g i c  an i n t e r p r e t a t i o n  o+ (420) t h a t  i s  t r u e  i n  
(421 5 .  lo' Moreover, bo th  l o g i c a l  forms i n  (439) represent  i n t e r p r r t a t  ions  
t h a t  are f a l s e  where requ i red .  They are  f a l s e  i n  the con tex t  o f  (432) and 
(429). The ex tens ion o f  the atomic p r e d i c a t e s  i n  (432) show t h a t  the se t  ob 
th ree automat ic  t e l l e r s  i s  r e l a t e d  t o  ml by more than two passwords: 
107, (439b) rep resen ts  a f a l s e  i n t e r p r e t a t i o n ,  as (489) i n d i c a t e s .  The th ree 
automat ic  t e l l e r s  are found q i v i n q  each o f  the new members f o u r  passwords. 
We have thus seen how a  Davidsonian d e c m p o s i t i o n  i n  the l e x i c o n  p rov ides  a  
way out  f o r  se t -deno ta t i ve  l o g i c  f rom the problems s f  sec. 6.2 and 6.3. 108 
We however now f i n d  t h a t  the se t -deno ta t i ve  l o q i c  f a i l s  elsewhere. I t  now 
f a i l s  on what was our f i r s t  case o f  i n t e r p r e t a t i o n s  r e q u i r i n g  an atomic 
p r e d i c a t e  t h a t  mixed v a r i a b l e s  over i ndv idua l  o b j e c t s  w i t h  v a r i a b l e s  over 
s e t s  tp.179). I n  t h i s  case, the  q u a n t i f i e r s  over i n d i v i d u a l  o b j e c t s  inc lude 
108, The r e v i s e d  schema f o r  deno t ing  n - tup les  o f  event- indexed s e t s  and 
i n d i v i d u a l s  g i v e s  r i s e  t o  a  problem analoqous t o  one encountered i n  the event 
l o g i c  (see sec. 3.1.1.). Under the r e v i s e d  schema, the new l o g i c  
m i s i n t e r p r e t s  q u i t e  s imple sentences, such as t h a t  i n  (492): 
(492) These b i l l i a r d  b a l l s  bounced o f f  t h a t  s i d e  o f  the pool t ab le .  
[ these b i l l i a r d  b a l l s ( < X , i > > I t t h a t  s i d e ( y ) l  b i l l i a r d  b a l l s ( < X , i > )  bounced 
o f f  s i d e t y )  
Note f i r s t  t h a t  " I t h a t  s i d e ( y ) I a  i s  an i n c r e a s i n g  q u a n t i f i e r  ( o n l y  
e x i s t e n t i a l  f o r c e ) .  I t  does n o t  i n  general mean " t h a t  s ide  and o n l y  t h a t  
s i d e " ;  otherwise a  sentence l i k e  (493) would have a common i n t e r p r e t a t i o n  
w i t h  the sentence i n  (494), an i n t e r p r e t a t i o n  t h a t  excluded o ther  s i d e s  f rom 
be ing  bounced o f f :  
(493) That s ide  o f  the pool t a b l e  was bounced o f f  by b i l l i a r d  b a l l s .  
(494) That s i d e  and o n l y  t h a t  s ide  of the pool t a b l e  was bounced o f +  
by b i l l i a r d  b a l l s .  
The i n t e r p r e t a t i o n  o f  (492) under the r e v i s e d  schema w i l l  then r e q u i r e  o n l y  
t h a t  these b i l l  i a r d  b a l l s  be the o n l y  bouncers i n  some event i n  which t h a t  
s ide  o f  the pool t a b l e  i s  bounced o f f  o f .  Thus, (492) comes out  t r u e  even i f  
j u s t  one o f  these b i l l i a r d  b a l l s  bounced o f f  t h a t  s ide  and the o t h e r s  bounced 
o f f  o the r  s ides .  
Cor rec t  t r u t h  c o n d i t i o n s  would be ob ta ined  i /  i n  the con tex t  o f  (4921 ,  the 
q u a n t i f i e r  " I t h a t  s i d e ( y ) l n  d i d  mean " t h a t  s i d e  and o n l y  t h a t  s i d e " .  Then, 
s ince there  i s  o n l y  t h a t  s ide  t o  bounce o f f  o f  i n  the event,  i t  must be t h a t  
one t h a t  these b i l l i a r d  b a l l s  bounced o f f  o f .  I n  s e t t i n g  aside t h i s  problem, 
we assume t h a t  the  se t -deno ta t i ve  l o g i c  can f i n d  an approp r ia te  s t i p u l a t i o n  
w i t h  the e f f e c t  t h a t  any q u a n t i f i e r  occu r inq  w i t h i n  the scope o f  a  q u a n t i f i e r  
over event- indexed se ts ,  as I n  (4921, acqu i res  a  non- increasing 
i n t e r p r e t a t i o n .  A s  we have seen i n  sec. 3.1, such a  s t i p u l a t i o n  was a l s o  
r e q u i r e d  f o r  the event l o q i c  i n  the face o f  a  s i m i l a r  problem (see the 
a s t e r i s k  n o t a t i o n  i n  (63)-(65) .  
within their scope the quantifiers over sets: 
(31 1 Three agents sold twentr-five buildings to two investors. 
(328) Three agents each sold twenty-five buildings to two investors. 109 
(329) C3x:agnt(x)lt25 bldgsC(Y,i>)lt2 invstrs((Z,j>)I agnt(x) sold bldqs(<Y,ii) 
to i nvstrs( ( 2 ,  j ) )  
(495) "agnt(b) sold bldgs(<C,i>) to invstrs((D,j>)* is true iff 
i .  (relational str) agent b sells buildings to investors at i, and 
agents sell buildings C to investors at i ,  and 
agents sell buildings t o  investors D at i ,  and 
(event structure) i i .  i=j, and 
i i i .  for all sets X ,  Y and 2 ,  
if agents X sell buildings Y t o  investors Z at i , then YCC and ZCD. 
Note that the interpretatian of the logical form in (329) accerdinq to (495) 
results in an interpretation that is true if three agents are involved in 
some event of selling twenty-five buildings to two investors, even if, as in 
(4961, the first two agents each sold one of the buildings and the third sold 
the remaining twenty-three. The triples in (497) satisfy the atomic 
predicate interpreted according to (495): 
109. Also the example from n. 80: 
C i )  Three qerrymanderers (each) turned ten neighborhoods into 
eiqht electoral districts 
I t  has become impossib le t o  r e q u i r e  the th rse  agents t o  each s e l l  twenty- f iue  
b u i l d i n g s  t o  two inves tors- -  an e f f e c t  o f  hav inq  e l i m i n a t e d  the expression o f  
a  t r u e  r e l a t i o n  between s e t s  and i n d i v i d u a l s  i n  (495 ) .  
I m p o r t i n g  a d d i t i o n a l  apparatus f rom event l o q i c  w i l l  take us a  step f u r t h e r  
i n  m a i n t a i n i n q  the se t -deno ta t i ve  syntax.  T h i s  s tep  f i n d s  a  se t -denota t ive  
r e p r e s e n t a t i o n  f o r  the i n t e p r e t a t i o n  o f  (31)  and (328) which was our f i r s t  
case r e q u i r i n q  an atomic p r e d i c a t e  t h a t  mixed v a r i a b l e s  over s e t s  w i t h  
v a r i a b l e s  over i n d i v i d u a l  o b j e c t s .  But ,  i t  i s  a  f a l s e  s tep ,  l e a v i n a  no way 
out  f rom the problems o f  sec. 6.2 and 6.3 .  That i s ,  the se t -deno ta t i ve  
l o g i c ,  i f  t h i s  ~ t e p  i s  taken, w i l l  then aqa in  f a i l ,  as i n  sec. 6.2 and 6.3, 
on those l o g i c a l  forms i n  which a  q u a n t i f i e r  over i n d i v i d u a l  o b j e c t s  does not  
i nc lude  w i t h i n  i t s  scope a t  l e a s t  one o f  the q u a n t i f i e r s  uver s e t s  --the 
second case where bo th  types o f  v a r i a b l e s  are r e q u i r e d  (p.179).  
Although assuminq the Davidsonian decomposit ion i n  the l e x i c o n ,  we can f i n d  
a  se t -denota t ive  r e p r e s e n t a t i o n  f o r  the r e l e v a n t  i n t e r p r e t a t i o n  o f  (31)  and 
(328) i f  we now assume w i t h  event ' log ic  t h a t  q u a n t i f i e r s  over i n d i v i d u a l  
o b j e c t s  are i n  f a c t  complex q u a n t i f i e r s  over o b j e c t s  and events. As i n  event 
l o g i c ,  we make use o f  a  p r i m i t i v e  semantic , f unc t i on  ' I i x , E ) " :  I (x ,E)  i s  what 
th@ i n d i v i d u a l  o b j e c t  d i d  alone i n  the con tex t  o f  events  E. I t  i s  assumed 
t h a t  people haue the c o g n i t i v e  a b i l i t y  t o  recogn ize  i n  a domain o f  events 
what an i n d i v i d u a l  has done there.  The t r u t h  c o n d i t i o n s  f o r  complex 
q u a n t i f i e r s  w i l l ,  u s l n g  1 ,  guarantee t h a t  each i n d i v i d u a l  agent s e l l s  h i s  own 
twen ty - f i ve  b u i l d i n g s  t o  two i n v a s t o r s t  
(498) '13(x,e):agent(x) l  4 (x ,e In  i s  t r u e  i n  E i f f  there  are th ree agents 
al, a2 and a3 such t h a t  " ) (a i ,  I (a i . ,E) )u  i s  t r u e  i n  I ( a i , E ) ,  f o r  l j i ( 3 .  
To enable the complex q u a n t i f i e r s  t o  b i n d  the event p lace assumed i n  (4981,  
we g ive  up the  new l o g i c  and event- indexed s e t s  f o r  the  a l t e r n a t i v e  i n  n . 7 1 .  
I t  has n+ l -a ry  p r e d i c a t e s  '4(Xl, ..., X  ,e l '  i ns tead  o f  the new l o g i c ' s  n-ary 
n  
p r e d i c a t e s  ' ( ( < X  ,e ) ,  ..., <Xn,en))'. The p lace f o r  events i s  now bound by 1 1  
q u a n t i f i e r s  over s e t s  or  q u a n t i t i f i e r s  over i n d i v i d u a l  o b j e c t s .  The 
q u a n t i f i e r s  ouer s e t s  are i n t e r p r e t e d  accord ing t o  (313') and (314' ) :  
(313') I n c r e a s i n g  q u a n t i f i e r s .  
a. (und iu ided re fe rence  t o  a  denotatum) 'IQ N ' l  O "  i s  t r u e  i n  E i f f  
f o r  same s e t  C and some event i i n  E, C i s  E Q  N' l -many, and " 4 ( C , i : l " i s  t r u e  i n  i .  
b. ( d i v i d e d  re fe rence)  ' E Q  N ' l  4' i s  t r u e  i n  E i f f  f o r  some s e t s  C1, . . . ,  C k ,  . .., 
and s m e  events il, ..., ik, ... i n  E, the un ion o f  C1. .... C k ,  ... i s  IQ NJ!many. 
and '4tC , i  1' i s  t r u e  i n  il...and '4 (Ck, iU) "  i s  t r u e  i n  i 1 1  k " "  
(314') Non- increasing q u a n t i f i e r s .  
a. (event-dependent) ' I Q  N'3 4' i s  t r u e  i n  E  i f f  every se t  C i s  such t h a t  
i f  f o r  sane euent i i n  E, C i s  i n v o l v e d  i n  i and " * ( C , i ) "  i s  t r u e  i n  i ,  
then C i s  EQ N'l-many. 
b. (non-euent-dependent) '10 N ' l  4' i s  t r u e  i n  E i f f  the un ion o f  a l l  s e t s  C 
such t h a t  f o r  somfl(uent i i n  E, C i s  i n v o l v e d  i n  i and C i a  i s  t r u e  i n  i  
i s  C Q  N'l-many. 
110. A s  t h e i r  i n t e r p r e t a t i o n s  i n  (4981, (313') and (314'5 show, both  
q u a n t i f i e r s  over i n d i v i d u a l  o b j e c t s  and q u a n t i f i e r s  over s e t s  q u a n t i f y  over 
euents. The d i f f e r e n c e  i n  no ta t i on - -  we have "EQ~x,e) :N ' (x51U and 
'10 N'(X) Ia  bu t  n e i t h e r  ' I Q x : N ' ( x ) l ~  nor  ' I Q  N '<X,e) la--  i s  meant t o  s i ~ n a l  
the  f o l l o w i n g  d i f f e r e n c e  i n  t h e i r  i n t e r p r e t a t i o n .  Reca l l  f rom n.71 and the 
d i scuss ion  i n  sec. 5.3 t h a t  w i t h i n  a  p r e f i x  o f  q u a n t i f i e r s  over se ts ,  as i n  
( i ) ,  the l e f t m o s t  'EP N'(X1) lm determines the ualue o f  the event v a r i a b l e .  
When the  l e f t m o r t  q u a n t i f i e r  i s  i n t e r p r e t e d  accord ing t o  ( 3 1 3 ' ~  or  ( 3 1 4 ' 1 ,  
the  q u a n t i f i c a t i o n  ouer events , ' fo r  sane event i . . . " ,  chooses a value f o r  
t he  euent v a r i a b l e ,  which i s  f r e e  i n  4  i n  ( i ) .  I n  i n t e r p r e t i n g  the 
q u a n t i f i e r s  aver s e t s  w i t h  narrower scope, the q u a n t i f i c a t i o n  over events,  
' f o r  some w e n t  i *  i s  uacuous, s ince tlte euent v a r i a b l e  i s  rep laced  by the 
ua lue determined by the l e f t m o s t  q u a n t i f i e r .  Wi th  the a d d i t i o n  o f  complex 
q u a n t i f i e r s  ouer i n d i v i d u a l  o b j e c t s ,  the q u a n t i f i c a t i o n  over events i n  (313') 
I n t e r p r e t i n g  the l o g i c a l  form i n  (499) accord ing t o  (498) and t o  the 
analoque o f  (495) i n  (500) w i l l  o b t a i n  the intended i n t e r p r e t a t i o n  a+ ( 31 )  
and (328): 
(500) 'aqnt(b) s o l d (  i )  bldgs(C) t o  i n v s t r s ( D ) '  i s  t r u e  i f f  
i . ( r e l a t i o n a l  s t r )  agent b  s e l l s  b u i l d i n g s  t o  i n v e s t o r s  a t  i ,  and 
agents s e l l  b u i l d i n g s  C t o  i n v e s t o r s  a t  i ,  and 
agents s e l l  b u i l d i n g s  t o  i n v e s t o r s  D a t  i ,  and 
(event  s t r u c t u r e )  i i i ,  f o r  a l l  s e t s  X ,  Y and 2 ,  
i f  agents X s e l l  b u i l d i n g s  Y t o  i n v e s t o r s  Z a t  i ,  then YCC and ZCD.  
For (499) i s  t r u e  i n  a  p a r t i c u l a r  event o r  con tex t  o f  events E i f  and o n l y  i f  
what the th ree agents d i d  a lone,  I ( a  , E l ,  I ( a  ,E) and I ( a  , E l ,  are each a  1 2 3 
s e l l i n g  o f  twen ty - f i ve  b u i l d i n g s  t o  two i n v e s t o r s .  As r e q u i r e d ,  (499) i s  no t  
t r u e  i n  (496): 
and (314') w i l l  a l s o  be vacuous i f  the q u a n t i f i e r  over s e t s  i s  w i t h i n  the 
scope o f  a  q u a n t i f i e r  over i n d i v i d u a l  o b j e c t s ,  which, as i n  the example o f  
(4981, a l s o  determine a va lue f o r  the event v a r i a b l e .  
Now i n  any p r e f i x  c o n t a i n i n g  q u a n t i f i e r s  over i n d i v i d u a l  ob jec ts ,  as i n  ( i i j ,  
i t  i s  the  r i g h t m o s t  q u a n t i f i e r  over i n d i v i d u a l  o b j e c t s  t h a t  determines the 
value o f .  the event war i ab le .  . 
I n  i n t e r p r e t i n g  the  q u a n t i f i e r s  w i t h  w ider  scope, the q u a n t i f i c a t i o n  over 
events  w i l l  f i n d  t h a t  the event v a r i a b l e  i s  no t  f r e e  i n  4 i n  ( i i j .  [Al thouqh 
the event v a r i a b l e  i s  n o t  f r e e  i n  4,  the i n t e r p r e t a t i o n  o f  the outer  
q u a n t i f i f i e r s  over i n d i v i d u a l  o b j e c t s  w i l l  s t i l l  use the f u n c t i o n  I t o  
r e s t r i c t  the con tex t  o f  events, as i n  t498).1 The n o t a t i o n a l  d i f f e r e n c e  
between q u a n t i f i e r s  over i n d i v i d u a l  o b j e c t s  and q u a n t i f i e r s  over s e t s  
t h e r e f o r e  has the  e f f e c t  t h a t  the r i g h t m o s t  q u a n t i f i e r  over i n d i v i d u a l  
o b j e c t s  b inds  the event v a r i a b l e  and elsewhere-- i f  there  i s  no q u a n t i f i e r  
ouer i n d i v i d u a l  ob jec ts - -  the l e f t m o s t  q u a n t i f i e r  over s e t s  b i n d s  i t .  
Note i n  p a r t i c u l a r  t h a t  the s o t  o f  twen ty - f i ve  b u i l d i n q s ,  Cal,..,,a2g3, i s  
n o t  s o l d  a t  any o f  the subevents I ( a i  ,E l ,  l i i ( 3 .  
I m p o r t i n g  complex q u a n t i f i e r s  over i n d i v i d u a l  o b j e c t s  and the p r i m i t v e  
semantic f u n c t i o n  " I ( x ,E ) "  a l l o w s  the  r e l e v a n t  i n t e r p r e t a t i o n  o f  (31) and 
(328) t o  be represented in se t -deno ta t i ve  l o g i c  w h i l e  assuming the 
Davidsonian decomposit ion o f  p r e d i c a t e s  i n  the l e ~ i c o n . ~ ~ ~ ~ u t ,  we w i  11 now 
see t h a t  the  complex q u a n t i f i e r s  over i n d i v i d u a l  o b j e c t s  and the p r i m i t i v e  
semantic f u n c t i o n  b r i n g  back the  problems o f  secs. 6.2 and 6.3. Thus, any 
se t -deno ta t i ve  l o g i c  w i t h  Davidsonian decomposit ion i n  the l e x i c o n  f a i l s  on 
(31) and (328), the  f i r s t  case o f  i n t e r p r e t a t i o n s  r e q u i r i n g  an atomic 
p r e d i c a t e  w i t h  bo th  types o f  v a r i a b l e s ,  o r  on the i n t e r p r e t a t i o n s  o f  secs. 
6.2 and 6.3, the  second case. 
Reca l l  t h a t  the Davidsoniar~ d c c m p ~ : i t i o n  i n  the l e x i c o n  p rov ided  a  way out  
f rom the problems o f  secs. 6.2 and 6.3 by e l i m i n a t i n g  the expression o f  a 
t r u e  r e l a t i o n s  between s e t s  and i n d i v i d u a l  o b j e c t s ,  The r e l a t i o n  between 
s e t s  and i n d i v i d u a l s ,  expressed by any atomic p r e d i c a t e  accord inq t o  the 
schema i n  (4861, i s  j u s t  t h a t  o f  be long ing  t o  the  same event ,  The complex 
111. Complex q u a n t i f i e r s  over i n d i v i d ~ a l  o b j e c t s  and the p r i m i t i v e  semantic 
f u n c t i o n  would a l s o  a l l o w  c lause ( i  .b) i n  the decomposit ion schema i n  (486)  
t o  be re fo rmu la ted  as ( i . b ' )  i n  n.105. 
q u a n t i f i e r s  over i n d i v i d u a l  o b j e c t s  and the p r i m i t i v e  semantic f u n c t i o n  
' I (x ,E) "  lose t h i s  way out  because they r e s t o r e  the c o n d i t i o n s  o f  a t r u e  
r e l a t i o n  between s e t s  and i n d i v i d u a l  o b j e c t s .  
Suppose t h a t  an atomic p r e d i c a t e  d has the v a r i a b l e s  over i n d i v i d u a l  
o b j e c t s  x i ,  ..., x and x and the v a r i a b l e s  over s e t s  Yk,,..,Y j -1 1 ' (501 > .I 
shows i t s  t r u t h  c o n d i t i o n s  a t  I ( x . , E ) .  As i n  (4861, b *  stands f o r  the t r u t h  J 
c o n d i t i o n s  o f  a  t r u e  r e l a t i o n .  The important  p o i n t  about these t r u t h  
c o n d i t i o n s  i s  t h a t  i f  p a r t i c u l a r  s e t s  are the  p a r t i c i p a n t s  o f  a  subevent 
I ( x . , E ) ,  then whatever they d i d  the re  must be r e l a t e d  t o  x s ince x i s  the 
J j ' .i 
o n l y  i n d i v i d u a l  i n  i t s  r o l e  i n  I ( x  , E l .  j 
(5011 ' * t c i  ,..., c  j - 1 '  a, Dk, ..., Dl. I t a , E ) ) '  i s  t r u e  i f f  
t t t t ( i )  there  e x i s t  s e t s  c  i,...,c such t h a t  c i € c  and.. .and cj-lbc . and j -1 J - 1  ' 
+ 
* * ( C + i  ,..., C J-1 ' a, Dkl...,D,) a t  I (a ,E) ,  and 
- 
t i  i there  e x i s t  s e t s  D - ~ ,  .. . ,D such t h a t  D - ~ C D ~  and.. .and 0- CD and 1  1 -  1 '  
* * (c i  , " a  ,c j - 1 '  a, D - ~ ,  .. . , D - ~ )  a t  I (a ,E) ,  and 
( i i i )  f o r  a11 s e t s  S i ,  ..., Sj, Tk, ..., T  1  ' 
i f  * * i s  ir...,Sj, T k ,  ..., TI) a t  I a E  then TkCDK and...and T CD . I - .  1 
I n  sec, 6.2, the l o g i c a l  form i n  (302) represented i n t e r p r e t a t i o n s  o f  
(397) t h a t  were unacceptably t r u e  i n  (398). The se t -denota t iue  l o g i c  w i t h  
complex q u a n t i f i e r s  over i n d i v i d u a l  o b j e c t s  has (502) corresponding t o  (3825: 
(357) No more than th ree  b i l l i a r d  b a l l s  (eve r )  bounced o f f  e x a c t l y  three s ides  
o f  the pool t a b l e .  
(302) [No more than 3  balls(<X,i))lt3!y:side(r)3 b a l l s ( ( X , i ) )  bounced o f f  s i d e c r i  
(302) [No more thad 3 balls(X)IC3!<y,e):side(r)3 b a l l s ( X )  bouncedie) o f f  s i d e ( r )  
(503) ' ~ 3 ! < x , e > : s i d e t x > l  9(x,e)"  i s  t r u e  i n  E  i f f  e x a c t l y  th ree s ides  s  are 
such t h a t  "@(s, I (s ,E) ) '  i s  t r u e  i n  I ( s ,E ) .  
The t r u t h  o f  (502) depends on'those se ts  and events i n  (358) tha t  s a t i s f y  
(504) ba l l s (X)  bounced(I(bl,Ei)) o f f  side(dl) & 
ba l ls (X1 bounced(I(d2,Ei)) o f f  side(d2) & 
ba11s(X) bounced(I(d3,Ei)) o f f  s ide(d3) 
None o f  the sets  o f  b a l l s  i n  (358) s a t i s f i e s  (504). None has bounced o f f  o f  
each of  the three s ides o f  the pool tab le  i n  any of the breaks. For example, 
the f i r s t  break conta ins three subevents corresponding t o  what was done t o  
each of  the three s ides of  t h ~  pool tab le .  The t rue  atomic sentences about 
these subevents are on ly  those i n  (505): 
(505) balls({a,b,c,1,2,3,41) bounced(I(dl ,El 1 )  o f f  side(dl 1, 
balls((a,b,c,1,2,5,63) bounced(I(d ,E 1) o f f  s ide(d2) ,  
bal  ls({a,b,c,3,4,5,6)) bounced(l(d:,€;)) o f f  s ide(d3) 
There i s  no one set  s a t i s f y i n g  a l l  the conjuncts i n  (504). In p a r t i c u l a r ,  
CI-.3={a,b,c,1,2,3,4,5,6) f a i l s  to.  The b i l l i a r d  b a l l s  p a r t i c i p a t i n g  i n  any 
o f  the subevents are not  Ci-3. With no se ts  t o  s a t i s f y  (5041, (502) 
represents i n te rp re ta t i ons  of  (357) which are unacceptably t rue i n  (358). 
The outcome i s  the same as the one found i n  sec. 6.2 f o r  t h e  i n te rp re ta t i ons  
represented by (382). 112 
112. Recall  from the excursus i n  sec. 6.1.1 tha t  (344) may m is i n te rp re t  
(341 1 
(341) Two boys danced w i t h  two g i r l s .  
(344) t 2  qirls~(Y,j))lC2x:boy(x)l boy(x) danced w i t h  g i r l s ( < Y , j > S  
When the atomic p r e d i c a t e  expresses a  t r u e  r e l a t i o n ,  we observed i n  sec. 
6.3 t h a t  the l o g i c a l  forms i n  (439) represent  i n t e r p r e t a t i o n s  t h a t  are f a l s e  
i n  the con tex t  o f  (421) and ( 4 2 9 1 " ~ ~  a l though an i n t e r p r e t a t i o n  o f  (420 )  i s  
t r u e  there:  
(420)  Three automat ic  t e l l e r s  gave ( t h e )  two new members 
e x a c t l y  two passwords (each) 
(439) a: 
13 atms(<X,i)) lC(the)2r;nw m m b r ~ ~ ) l t 2 ! z : p s s w r d o 3  a tms(<X, i ) j  qave nw rnrnbr(y) 
p s w r d i  z 
(344) r e q u i r e d  t h a t  each o f  two boys danced w i t h  the  same group o f  two 
g i r l s .  Corresponding t o  (344), the l o g i c a l  form w i t h  a  complex q u a n t i f i e r  
over i n d i v i d u a l  o b j e c t s  may m i s i n t e r p r e t  (341) i n  the same way. 
(506) 12 girls~Y)lC2(x,e>tboy~x)l boy tx )  danced(e) w i t h  g i r l s ( Y )  
(507) ' 1 2 ~ x , e ) b o ~ ~ x ) l 4 ~ x , e ) '  i s  t r u e  i n  E i f f  two boys b are such 
t h a t  *4(b,  I (b ,E) ) '  i s  t r u e  i n  I (b ,E) .  
(506) r e q u i r e s  t h a t  each o f  two boys be i n  a  subevent i n  which ha alone 
dances w i t h  g i r l s  and t h a t  some s e t  o f  two g i r l s  be the p a r t i c i p a n t s  danced 
w i t h  i n  a1 1 o f  these subeuents. Thus, each o f  the boys danced w i t h  the same 
g i r l s .  
113. Reca l l  t h a t  the  event i n  (429) i s  added t o  the contex t  j u s t  t o  f a l s i f y  
the i r r e l e v a n t  event-dependent i n t e r p r e t a t i o n  o f  (420).  
When the q u a n t i f i e r s  over i n d i v i d u a l  o b j e c t s  are  complex, l o g i c a l  forms such 
as those i n  (508) and (509) w i l l  a l s o  represent  i n t e r p r e t a t i o n s  t h a t  f a i l  t o  
be t r u e  i n  (421) and (429) desp i te  the  Davidsonian decomposit ion i n  (510)  and 
t510) 'automatic t e l l e r s t A )  g i v e t i )  new member(m1 passwordtp l "  is t r u e  i f f  
i. ( r e l a t i o n a l  s t r )  automat ic  t e l l e r s  A g i v e  new members passwords a t  i t  and 
automat ic  t e l l e r s  g i v e  new member m password p a t  i ,  and 
(event  s t r )  i i .  f o r  a l l  s e t s  X ,  Y and 2, 
i f  automat ic  t e l l e r s  X g i v e  new members Y passwords Z a t  i ,  then XW, 
(5111 "automat ic  t e l l e r s t h )  g i v e t i )  new membertm) passwords(P)' i s  t r u e  i f f  
i ,  ( r e l a t i o n a l  s t r )  automat ic  t e l l e r s  A g i v e  new members passwords a t  i t  and 
automat ic  t e l l e r s  g i v e  new member m passwords a t  i ,  and 
automat ic  t e l l e r s  g i v e  new members passwords P a t  i t  and 
(event  o t r )  i i .  f o r  a l l  s e t s  X, Y and 2 ,  
i f  automat ic  t e l l e r s  X g i v e  new members Y passwords Z a t  i ,  then XA and ZCP. 
(512) "CtheZ<x,e):new membertx) l9(x,e) '  i s  t r u e  i n  E i f f  the two new members m 
are such t h a t  "4(m, I(m,E))' i s  t r u e  i n  I tm,E). 
(513) "f2!(x,e):passwordtx)I4tx,e~' i s  t r u e  i n  E i f f  e x a c t l y  two passwords p 
are such t h a t  V t p ,  I (p,E)) '  i s  t r u e  i n  I t p , E ) .  
(5081 and (509) require there to be three automatic tellers among sets 
satisfying their respective formulas in (516) and (517): 
Given that the first quantifier in (517) is a complex quantifier over 
individual objects, a set satisfies this formula in (4211 just in case it 
satisfies the conjunction in (518), where I(ml,E) and I(m2,E) are the 
subevents in (514): 
Since, the automatic tellers participating in t h e  two subevents are not t h e  
same, no set satisfies the conjunction in (518) and so na set satis#ies 
(517). The logical form in (5091, like (439b) represents interpretations of 
(420) that are false in (421) and (429). 
Similarly, (5071, like (439a1, represents interpretations that are false in 
(421) and (4291, Here the rightmost quantifier over individual objects 
'12!<z,e):pas~ord(z)3~ binds the event variable (see n ,  1101, and so a set 
in (421) that satisfies (516) must satisfy the conjunction in (5191, where 
the subevents are those in (915): 
Again, the subevents do no t  have the same automat ic  te1 :ers  as q i u e r s .  No 
s e t  s a t i s f i e s  the c o n j u n c t i o n  i n  (519); and s ince,  none has the p r o p e r t y  i n  
(516),  the r e l e v a n t  i n t e r p r e t a t i o n s  o f  (508) are f a l s e  i n  ( 4 2 1 )  and (4295.  
We have seen t h a t  i f  one assumes, i n  a d d i t i o n  t o  the Davidsonian 
decomposit ion i n  the l e x i c o n ,  complex q u a n t i f i e r s  over i n d i v i d u a l  o b j e c t s  and 
the p r i m i t i v e  semantic f u n c t i o n  'Iu, then none o f  the se t -denota t iue  l o g i c a l  
forms w i t h o u t  b i n a r y  q u a n t i f i e r s  rep resen ts  the i n t e r p r e t a t i o n  o f  (420) t h a t  
i s  t r u e  i n  (421) and (429). We leave i t  t o  the reader t o  r e t r a c e  i n  the 
present  s e t t i n g  the argument i n  sec, 6.3.3.2 aga ins t  se t -denota t iue  l o g i c a l  
forms w i t h  b i n a r y  q u a n t i f i e r s .  Al though they succeed i n  r e p r e s e n t i n g  
i n t e r p r e t a t i o n s  f o r  sentences such as (420) t h a t  are t r u e  i n  con tex ts  s i m i l a r  
t o  (421) and (4291, we f i n d  i n  the general case (when there  i s  more than one 
v a r i a b l e  over i n d i v i d u a l  o b j e c t s )  t h a t  the i n t e r p r e t a t i o n s  they represent  are 
a l s o  t r u e  i n  c o n t e x t s  where they should be f a l s e .  
The b i n a r y  q u a n t i f i e r s  t h a t  need t o  be cons idered are those i n  (521:) and 
(522), corresponding t o  (456) and (457) i n  sec. 6.3.3.2. The b i n a r y  
q u a n t i f i e r  i nco rpo ra tes  a  canplex q u a n t i f i e r  over i n d i v i d u a l  o b j e c t s  so t h a t  
the  q u a n t i f i e r  ' ~ x a c t l y  two passwordsu wi 11 measure what the i n d i v i d u a l  new 
member d i d ,  h i s  subevent, as the r e l e v a n t  i n t e r p r e t a t i o n  o f  (420) r e q u i r e s .  
(521) "C3 atms(X>IXCthe2<y,e>;nw rnrnbr(y)l 9(X,y,e)" i s  t r u e  i n  E i f f  
f o r  some s e t s  C l,,.,,Ck, the union o f  which i s  th ree automat ic  t e l l e r s .  
some events il, ..., i i n  E, and sane i n d i v i d u a l s  dl, ..., dk who are k 
the  two new members, " # t C j ,  j , I < d . ,  i . ) I *  i s  t r u e  i n  I t d . ,  i . I  f o r  l<-j{,k. J J  J J 
(522) 'C3 atms(X)lXCthe2{y,e>:nw nunbr(y)l @(X,y ,e iu  i s  t r u e  i n  E i f f  
f o r  some s e t s  Cl, ..., Ck, the un ion o f  which i s  th ree  automat ic  t e l l e r s ,  
some event i i n  E, and some i n d i v i d u a l s  d ..., d who are 1 ' k 
the  two new members, 'Q (C j ,  d j ,  I d  i i s  t r u e  i n  i ( d  , i l  f c r  l<,j(k. 
J j 
Re t rac ing  the argument, one f i n d s  t h a t  (523) and (5241, l i k e  t h e i r  
corresponding l o g i c a l  forms i n  sec. 6.3.3.2, represent  i n t e r p r e t a t i o n s  o f  
(466) t h a t  are t r u e  i n  (467); b u t  the i n t e r p r e t a t i o n s  they represent  are a l s o  
t r u e ,  unacceptably,  i n  (468) where o n l y  one new member i s  g iven e x a c t l y  two 
passwords and the o the r  i s  g i ven  f o u r .  
(466) Three automat ic  t e l l e r s  gave the  two new members e x a c t l y  two passwords 
on a s l  i p o f  p i n k  paper. 
Three automat ic  t e l l e r s  gave the two new members on a s l i p  o f  p ink  paper 
e x a c t l y  two passwords each. 
(523) ( C f .  (471)) 
C3 atms<X)lX[the2<y,e>:nw mmbr(y)lC2! p ' ssw~ds t~ ) lCE<w,e ) :  pnk s I p ( w i 1  
atms(X) gavete) nw rnmbr(r) psswrds(Z> on s l p  o f  pnk pprcw) 
(524) ( C f ,  (472)) 
C3 atms(X)IXCthe2(y,e):nw mrnbr(r)ICE{w,e); pnk s l p ( w ) l t 2 !  psswrds(251 
atrns(X1 gave(e1 nw rnmbr(y) psswrds(2) on s l p  o f  pnk pp r (w i  
As remarked ea r l i e ,%,  the system t h a t  i nc ludes  the complex q u a n t i f i e r s  over 
i n d i v i d u a l  o b j e c t s  and the  p r i m i t i v e  semantic f u n c t i o n  "I" e s s e n t i a l l y  
r e s t o r e s  the t r u t h  c o n d i t i o n s  o f  a  t r u e  r e l a t i o n  between s e t s  and i n d i v i d u a l  
o b j e c t s ,  d e s p i t e  the Davidsonisn decomposit ion i n  the l e x i c o n .  I n  the simple 
case o f  a r e l a t i o n  w i t h  j g s t  one p lace  f o r  s e t s  and one p lace f o r  i n d i v i d u a l  
ob jec ts ,  ' + ( X , y ,  1 ty .e ) ) "  is t r u e  i f  and o n l y  i f  the  t r u t h  c o n d i t i o n s  o f  the 
t r u e  p e l a t i o n ,  +*(X,y), a b t a i n  ? t  e  (see ( 5 0 1 ) ) .  For t h i s  reason, the 
arquments o f  sec. 6.2 ind 6.3, i n c l u d i n g  the arguments aga ins t  b i n a r y  
q u a n t i f i e r b s  i n  sec. 6.3.3.2, s t i l l  h o l d  o f  the se t -denota t ive  l o g i c  t h a t  
combines Davidsonian decomposit ion i n  the l e x i c o n  w i t h  complex q u a n t i f i e r s  
over i n d i v i d u a l  o b j e c t s .  
I n  t h i s  sec t i on ,  we have seen t h a t  the  :e t -denota t ive  l o g i c a l  syntax cannot 
be main ta ined by a d m i t t i n g  i n  the  l e x i c o n  a  Davidsonian decomposit ion o f  
po lyad ic  p red ica tes .  Such a  se t -deno ta t i ve  l o g i c  w i l l  f a i l  on one o r  the 
o the r  o f  the cases (p .179 )  where an i n t e r p r e t a t i o n  r e q u i r e s  the atomic 
p r e d i c a t e  t o  have bo th  v a r i a b l e s  over s e t s  and v a r i a b l e s  over i n d i v i d u a l  
ob jec ts .  
I n  the preced ing chapter ,  i t  was shown t h a t  the expressive power o f  
se t -denota t ive  l o g i c s  w i t h  events must be so r e s t r i c t e d  as t o  e f f e c t i v e l y  
e l i m i n a t e  q u a n t i f i c a t i o n  and p r e d i c a t i o n  over an independent domain o f  se ts .  
The r e s t r i c t i o n s  on se t -deno ta t i ve  l o q i c s  must recover the r e l a t i o n s h i p  
among, se ts ,  events and i n d i v i d u a l s  found i n  event l o g i c .  Sec 5 . 1  showed 
t h a t  there  are no proper r e l a t i o n s  between sets--  they are 211 f u n c t i o n s  on 
events. Sec. 5.2 showed t h a t  p r o p e r t i e s  o f  s e t s ,  u n l i k e  p r o p e r t i e s  o f  
i n d i v i d u a l s ,  may n o t  express a c o n d i t i o n  on the se t ' s  a c t i v i t y  across 
events. 
F i n a l l y ,  i n  t h i s  chapter ,  event l o g i c  and se t -deno ta t i ve  l o s i c  have been 
d i s t i n g u i s h e d  by t h e i r  syntax.  Set-denotat ive l o g i c ,  u n l i k e  event l o q i c ,  
r e q u i r e s  any wel l - formed formula  t h a t  c o n t a i n s  "V" t o  con ta in  a  p lace f o r  a l l  
the  NPs i n  the (s imple)  sentence. For the se t -denota t ive  rep resen ta t i ons  o f  
the sum o f  p l u r a l s ,  the  eu.ent-dependent and the non-even t-dependent 
i n t e r p r e t a t i o n s ,  a  r e l e v a n t  event must s a t i s f y  a  fo rmula  " Q ( < X , i > ) "  i n  (3151 
belaw o r  'Q(X,e)' i n  (3161, which has a  p lace  X ,  bound by 'CQ N ' l ' .  I n  
d e r i v n g  these i n t e r p r e t a t i o n s ,  event l o q i c  uses th ree f a c t o r s  such as those 
i n  (3171, of  which the t h i r d  'a(e) '  expresses the r e s t r i c t i o n  on r e l e v a n t  
events.  I t  c o n t a i n s  'V' the o the r  NPs and t h e i r  t h e t a  r o l e s ;  bu t  i t  does no t  
c o n t a i n  a  p lace o r  t h e t a  r o l e  bound by ' t Q  N ' I " .  
(3151 t Q  N ' (<X, i ) ) I  ,tNPj...NPI V t<X . i> , . . . ) I  
(31 61 t Q  NJ I ,INPj.. .NPk V(X,e,. . .1 I 
I n  see. 6.2-6.4, we have compared the se t -deno ta t i ve  fo rmulas  " 4 "  i n  (318) 
and (319) w i t h  t h e i r  coun te rpa r t  i n  event l o g i c  , " Q V n  (3201, where they 
c o n t a i n  q u a n t i f i e r s  over i n d i v i d u a l  o b j e c t s .  
t  310) 
' @ @  e t t Q ' y : N J ~ y ) 3 . .  . V t { X ,  i ) ,  Y , .  . .)I 
(319) 
' .*  4 ~ tQJy :NJ(y ) l . . .V tX ,  e, y  ,... 11, or  
e I IQJ<y,e>:N' ty)1 ... V ( X ,  e ,  Y , . . , ) ]  
t 320 1 ... CU(e) CQ'<y,e>:NJ(y)l...R(e, y ) , . . ]  e 
I n  the se t -denota t ive  l o g i c s ,  an event i s  r e l e v a n t  f o r  i n t e r p r e t a t i o n s  based 
on (318) or  (319) j u s t  i n  case i t  i s  an event i n  which some C has V,,.-ed 
each o f  tQ' N'3-many i n d i v i d u a l  o b j e c t s .  I n  event l o g i c ,  an event r e l e v a n t  
-
f o r  i n t e r p r e t a t i o n s  based on (320) i s  one i n  which s imply  IQ' N I-many 
i n d i v i d u a l  o b j e c t s  have each beer; V.,.-ed. I t  does 11o t . requ i re  t h a t  there  be 
some C i n  the  event t o  which the  i n d i v i d u a l  o b j e c t s  are a l l  r e l a t e d .  The 
occurrence o f  the  v a r i a b l e  X _  i n  " + "  thus  imposes an a d d i t i o n a l  c o n d i t i o n  on 
r e l e v a n t  events. T h i s  a d d i t i o n a l  c o n d i t i o n  r e s u l t e d  i n  the unacceptable 
i n t e r p r e t a t i o n s  o f  sec, 6.2 and 6.3.; moreover, there  i s  no i n t e r p r e t i n g  i t  
away. I f  we weaken the  meaning o f  " X  V...'ed y  a t  en accord inq t o  the the 
Oavidsonian decomposit ion i n  sec. 6.4, then se t -deno ta t i ve  l o q i c  loses  the 
power t o  express the  f i r s t  c l a s s  o f  i n t e r p r e t a t i o n s  r e q u i r i n g  both  se t  
v a r i a b l e s  and v a r i a b l e s  over i n d i v i d u a l  o b j e c t s :  " t h e  gerrymandcr?rs (each) 
tu rned ten  neighborhoods i n t o  e i g h t  e l e c t o r a l  d i s t r i c t s . "  T h i s  expressive 
power can be r e s t o r e d  by r e d e f i n i n g  the  q u a n t i f i e r s  over i n d i v i d u a l  o k j e ~ t s  
so t h a t  the  weakened c o n d i t i o n s  f o r  "X V...'ed y  a t  em must o b t a i n  a t  each 
i n d i v i d u a l ' s  subevent. But ,  we then aga in  f i n d  the fo rmula  "4"i th the 
v a r i a b l e  X imposing a  c o n d i t i o n  on r e l e v a n t  events t h a t  r e s u l t s  i n  t h e  same 
unacceptable i n t e r p r e t a t i o n s  o f  sec. 6.2 and 6.3. I t  r e q u i r e s  t h a t  a  
r e l e v a n t  event c o n t a i n  s m e  C which i s  the  p a r t i c i p a n t s  i n  a l l  o f  the 
tQ'N'1-many i n d i v i d u a l  o b j e c t s '  ~ u b t ~ e n t s .  
We have seen i n  sec. 6.1-6.3 t h a t  the event l o q i c - -  which omi ts  a  p lace 
f o r  X i n  the r e s t r i c t i a n  on events-- c o n s i s t e n t l y  rep resen ts  the c o r r e c t  
i n t e r p r e t a t i o n s ,  The sc t -deno ta t i ve  syntax f a i l s  because the a t m i c  
p r e d i c a t e  'V' always appears w i t h  i t s  f u l l  va lence,  i n c l u d i n q  the re fo re  a 
p lace f o r  8. 
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